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ABSTRACT
The s e p a r a t i o n  of  t h e  m o t o r  and  s e n s o r y  c o r t e x  
s e e n  i n  monkey and  c a t ,  b o t h  e u t h e r i a n  mammals ,  i s  t a k e n  t o  
r e p r e s e n t  a n  a d v a n c e d  e v o l u t i o n a r y  f e a t u r e .  T h i s ,  p e r h a p s  
i s  c h a r a c t e r i s t i c  o f  mo nke ys  a n d  c a r n i v o r e s  s i n c e ,  i n  o t h e r  
e u t h e r i a n  mammals  s u c h  a s  t h e  r a t ,  p o r c u p i n e  and  h e d g e h o g ,  
t h e r e  i s  some o v e r l a p  of  t h e  m o t o r  a n d  s e n s o r y  n e o c o r t i c a l  
r e g i o n .  W h i l e  i n  t h e  t h r e e - t o e d  s l o t h  t h e r e  i s  c o m p l e t e  
o v e r l a p .  He nce  t h e  e x t e n t  o f  s e n s o r i m o t o r  o v e r l a p  c o u l d  be  
t a k e n  t o  i n d i c a t e  d i f f e r e n t  d e g r e e s  o f  s p e c i a l i s a t i o n  o f  
d i f f e r e n t  s p e c i e s  o f  e u t h e r i a n  mammals .
I n  t h e  A m e r i c a n  opo s su m t h e r e  i s  t o t a l  o v e r l a p  o f  
t h e  s o m a t o s e n s o r y  a n d  m o t o r  r e g i o n s  a n d  f u r t h e r  t h e  two 
r e g i o n s  a r e  i n  c o m p l e t e  r e g i s t e r .  Bo t h  p h y s i o l o g i c a l  and  
r e c e n t  a n a t o m i c a l  s t u d i e s  h a v e  c o n f i r m e d  t h i s  r e s u l t .  I n  
A u s t r a l i a n  m a r s u p i a l s ,  f r om b o t h  p o l y p r o t o d o n t  a nd  
d i p r o t o d o n t  r a d i a t i o n s ,  i t  wa s  shown t h a t  t h e r e  i s  o n l y  
p a r t i a l  o v e r l a p  b e t w e e n  t h e  s o m a t o s e n s o r y  and  m o t o r  
r e g i o n s .  T h e s e  r e s u l t s ,  p l u s  o t h e r s  f r o m  c y t o a r c h i t e c t u r a l  
a n d  m o r p h o l o g i c a l  s t u d i e s ,  s u g g e s t e d  t h a t  A u s t r a l i a n  
m a r s u p i a l s  a r e  mo r e  a d v a n c e d  t h a n  t h e  A m e r i c a n  o p o s s u m ,  a 
r e p r e s e n t a t i v e  o f  t h e  s t e m  m a r s u p i a l .
H o we v e r ,  r e s u l t s  f r o m  a p h y s i o l o g i c a l  s t u d y  on t h e  
w a l l a b y  showed  t h a t  t h e r e  was  c o m p l e t e  o v e r l a p  b e t w e e n  t h e  
m o t o r  a n d  s o m a t o s e n s o r y  r e g i o n s  i n  t h i s  A u s t r a l i a n  
m a r s u p i a l .  T h e r e f o r e  i t  was  o f  e x t r e m e  i n t e r e s t  n o t  o n l y  t o
v
determine the extent of the sensorimotor overlap but, also 
to examine other related neuroanatomical features, in both 
neocortex and thalamus to establish the neurological state 
of the wallaby.
The results of this anatomical study indicate that 
there is only partial overlap of the motor and 
somatosensory neocortical region. Furthermore, the thalamus 
shows exceptional neurological differentiation, to such an 
extent, that it shares many neuroanatomical features with 
that of the cat. The results show that the wallaby is more 
neurologically advanced than the opossum as well as other 
Australian marsupials. In conclusion, the wallaby has 
acquired advanced neurological features which indicate 
extensive convergent evolution towards eutherian mammals.
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CHAPTER 1
GENERAL INTRODUCTION
1.1 THE WALLABY AMONGST THE MAMMALS
1.1.1 The advent of marsupials. The understanding 
of phylogenetic relationshipsof mammals from the Cretaceous 
period comes from the collection of mammalian fossils, 
dental structure, microstructure of teeth as well as 
investigations of cranial and postcranial morphology. 
Important contributions have also been made from the work 
of geologists and geophysicists in determining the 
modification of continental areas through marine 
transgression and continental drifts. The Cretaceous period 
which lasted from 135 to 64 million years ago, was 
dominated by great biotic terrestial changes. Not only were 
these changes seen in the flora with the presence of 
flowering plants, angiosperms, but, were also seen in land 
vertebrates marked by the appearance of therian mammals 
both eutherian and metatherian (Clemens, '71; Lillegraven, 
’74) .
The therapsid reptile present in the Triassic 
period, from 225 to 180 million years ago, is generally 
thought to be the ancestor of the Pantotherian mammals. 
There is also general agreement that both eutherian and 
metatherian mammals evolved from a common Pantotherian 
ancestor. This ancestor posessed mammalian characteristics 
intermediate between the two mammalian radiations (Clemens, 
*68; Clemens, '71; Tyndal e-Biscoe, '73; Tedford, '74). The 
placental-marsupial dichotomy is estimated to have occurred 
in the latter part of the Early Cretaceous period (Clemens, 
'68; Lillegraven '74; Lillegraven, '75).
1.2
1.1.2 Marsupials in Australia. The scarcity of 
fossil evidence has meant that only hypotheses can be 
presented on how marsupials came to be in Australia. The two 
favoured hypotheses, albeit lacking direct evidence, are 
described below. The first hypothesis stems from an idea 
introduced by Hoffstetter (see Marshall, '80) and 
reconsidered by Tedford ('74) that marsupials originated on 
what is now North and South America. From South America 
they dispersed to Antarctica across a narrow water barrier 
and then on to Australia. This hypothesis is supported by 
two separate lines of evidence. Firstly the only marsupial 
fossils found from the Cretaceous period are that of the 
North American opossum (Kirsch, '77b). Secondly two 
continental drifts occurred in the Jurassic (180-135 
million years ago), and Cretaceous periods. These drifts 
saw the separation of South America from Africa and, 
Antarctica-Australia from Africa and secondly the separation 
of Antarctica from Australia in the Late Cretaceous period 
(Avers, '74; Tedford, '74). The migration of marsupials has 
been estimated to have taken place during the Late Cretaceous, 
early Tertiary period (Marshall, '80) which corresponds to 
the continental drift.
The second, less favoured, hypothesis assumes that 
all marsupials originated in Australia, then they dispersed 
throughout North and South America and the rest of the 
continents (Kirsch, '77b). This hypothesis has gained 
support through several, different, independent sources of 
evidence.
1.3
It was reported that there is close resemblance of 
dental morphology between thylacimids, Australian 
marsupials and borhyaenids, extinct American marsupials 
(Archer, '76b). This close resemblance suggests that 
American marsupials could have been present in Australia 
from the beginning. Fossils of fleas from the Early 
Cretaceous period have been found in Australia (Riek, '70). 
These fleas were adapted to live on furred animals rather 
than birds. Duplication of neuropeptides found in the genus 
Macropus is similar to that found in American marsupials 
(Acher, '81). These findings suggest that American 
marsupials could have originated in Australia or have been 
present in Australia during the Early Cretaceous period, 
corresponding to the same time of the placental-marsupial 
dichotomy. These marsupials would have been the original 
didelphids.
Regardless of the evidence, or lack of it, 
geographic origin and route of distribution, marsupial 
evolution predominantly took place in America and
Australia. It is interesting to note that marsupials 
remained the dominant animals in Australia for many years. 
It remains an unsolved puzzle as to why eutherian mammals 
were not present in Australia. The first eutherian mammals 
are thought to have arrived with the first human
inhabitants in Australia (Kirsch, '77b)
1.4
1.1.3 Features of the two marsupial radiations. It 
is evident from the dental morphology data (Archer, ’76b), 
the serological and karyological, palaeontological data 
(Kirsch, '77a), the basocranial morphology data (Archer, 
'76a) and the data from the neuropeptide study (Acher, 81) 
that an extinct didelphid is an ancestor to all other 
groups of marsupials directly or indirectly. This is a 
generally accepted fact. The American marsupials belong 
to the polyprotodont radiation while the Australian 
marsupials are grouped into two radiations, the polyproto-- 
dont and diprotodont. The features of the members of the 
polyprotodont radiation are the carnivorous dental pattern 
(hence the name polyprotodont) and five separate digits 
in the forepaw and hindpaw - didactyly. The polyprotodonts 
are generally regarded to be less specialised than the 
diprotodonts . The members of family Phalangeridae and 
Macropodidae belong to the diprotodont radiation. 
Syndactylity of the hindpaw ie. the first digit opposes 
the four remaining ones and the second and third digit 
are joined together, plus, two prominent front teeth are 
characteristic of the diprotodonts.
It is well established that marsupials do not 
possess a corpus callosum (Owen, 1837; Symington, 1892; 
Elliot Smith 1897) . However, an aberrant bundle of fibres 
situated below the hippocampal commissure, was found to be 
present only in diprotodontid marsupials (Elliot Smith, 
'02a; Abbie, '41). The early studies suggested that the
anterior commissure was homologous to the corpus 
callosum, while the fasciculus arberrans was
1.5
involved with the hippocampal commissure. Recent anatomical 
studies have shown that both anterior commissure and 
fasciculus arberrans are involved with interhemispheric 
connections (see section 1.2.7).
1.1.4 Wallabies and kangaroos. There are three 
principal subfamilies of the family Macropodidae. Wallabies 
and kangaroos belong to the subfamily Macropodinae (Ride, 
'71). These animals are herbivores and have thus acquired a 
dental structure to suit their grazing habit. Wallabies and 
kangaroos, like all other Australian marsupial show a 
considerable degree of evolutionary convergence from their 
adaptive behaviour. They are grazing animals like sheep 
(Flannery, '84) and their graceful movement over the open 
sandy plains can be compared to that of deers, antelopes 
and gazelles, which are also plant-eating animals (Colbert, 
'65). Convergent evolution has also been shown to occur at 
the anatomical level.
Little difference exists in the proportion of the total brain weight 
formed by all structures, except striatum between the quokka, from the 
family Macropodidae, the possum, the sheep, the rat and a 
human (Meyer, 81). Since there is so little information on 
the neuroanatomy of the wallaby or kangaroo it was of 
interest to ascertain how much more specialisation and 
divergence these animals have attained when compared to the 
American opossum, which retains many primitive features 
(Pirlot, '81) as well as being a direct descendant of the 
earliest ancestral marsupial stock. The neurological 
features of the wallaby will also be used as a measure of
1.6
t h e  de g re e  of n e u r o l o g i c a l  conve rgence  t hey  have a t t a i n e d  
t o w a rd s  e u t h e r i a n  mammals.
1 .2  THE VISUAL, AUDITORY AND SENSORIMOTOR SYSTEM IN 
METATHERIAN MAMMALS
The f o l l o w i n g  i s  a r ev i ew of t h e  m e t a t h e r i a n  
l i t e r a t u r e  most  r e l e v a n t  to t h i s  s t u d y .  For t h i s  r e a s o n  t h e  
o l f a c t o r y  r e l a t e d  r e g i o n s ,  t h e  s p i n a l  co rd ,  r e t i n a l  and 
p e r i p h e r a l  s e n s o r y  l i t e r a t u r e  a r e  n o t  r ev i e w ed .
1 . 2 . 1  Som atosensory b ra in stem  n u c le i .  The major  
so m a to s en s o r y  r e l a y  n u c l e i  i n  t he  b r a i n s t e m  a r e  t he  d o r s a l  
column n u c l e i  and t h e  t r i g e m i n a l  complex.  The d o r s a l  column 
n u c l e i ,  i n  t he  opossum,  c o n s i s t  of t h r e e  s e p a r a t e  n u c l e a r  
m as se s .  A median n u c l e u s  (n u c l e us  of B i s c h o f f ) , t h e  g r a c i l e  
n u c l e u s  and t h e  c u n e a t e  n u c l e u s  (Hami l ton  and J o h n s o n ,  
' 7 3 ; .  Penny,  ' 8 2 ) .  The median n u c l e u s  cou ld  be a 
s p e c i a l i s e d  r e g i o n  of t he  g r a c i l e  n u c l e u s  (Penny,  ' 8 2 ) .
The c u n e a t e  nu c l e u s  i s  t h e  l a r g e r ,  i n  a r e a  of t h e  
two n u c l e i ,  g r a c i l e  and c u n e a t e  (Vor i s  and Hoe r r ,  ' 3 2 ;  
Hami l t on  and Joh ns o n ,  ' 73 ;  Penny,  ' 8 2 ) .  Wi th in  t h e  c u n e a t e  
n u c l e u s  t h r e e  n u c l e a r  r e g i o n s  have been  i d e n t i f i e d  w h i l e  
on ly  two n u c l e a r  r e g i o n s  a r e  found i n  t h e  g r a c i l e  n u c l e u s .  
Two t y p e s  of c e l l s  have been  found  i n  t he  d o r s a l  column 
n u c l e i ,  l a r g e ,  round c e l l s ,  whose axons p r o j e c t  i n t o  t h e  
med i a l  l e m n i s c u s  and sma l l  i r r e g u l a r  c e l l s  which c o n t a i n  
sy n a p s e s  from py ramida l  t r a c t  f ib res  (Penny, '82).  From th e  t h i r d  
c e r v i c a l  segment (C3) many processes t e r m i n a t i n g  i n  t h e  column
1.7
are from receptors from the face region. Their cell bodies 
are located in the ganglia of the trigeminal nerve which 
eventually forms part of the trigeminal complex (Johnson, 
'77). In the opossum it appears that only the spinal 
division of the trigeminal complex is present, or spinal 
and sensory are present but are not differentiated (see 
Johnson, '77 for review). In the Australian possum both 
spinal and sensory divisions of the trigeminal complex are 
differentiated (Martin et al., '75).
The somatotopic organisation of the dorsal column 
nuclei in the opossum (Hamilton and Johnson, '73) and
possum (Martin et al. '75) is similar to that of eutherian 
mammals but not as detailed . In the opossum neurons had 
larger receptive fields which showed greater overlap 
when compared to the raccoon (Hamilton and 
Johnson, '73). The median nucleus receives projections 
from the tail and ventral to it is the representation of 
the trunk. The gracile nucleus receives projections from 
the hindfeet; following the removal of a leg in the neonatal 
opossum, the dorsal portion of the gracile nucleus was absent in the 
adult (Johnson et al. , '12). The cuneate nucleus receives
projections from the upper limb region which includes, 
hand, forearm, upper arm and shoulder. The most lateral 
region in the cuneate nucleus receives neck and pinna 
projections. The trigeminal nucleus receives projections 
from the sensory head region (Martin et al., *71; Martin et
al. , '75). The larger size of the cuneate nucleus could
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imply a greater functional role of the forelimb (Penny, 
'82) which is reflected by the large forelimb
representation area in the ventrobasal thalamus (Pubols and 
Pubols, '66; Sousa et al., '71) and sensorimotor cortex 
(Lende, 1 63c) .
In the opossum the dorsal column nuclei receive 
most of their afferent connections from the dorsal 
funicular pathway as well as some input from the main 
ventrolateral spinal bundle (Hazlett et al., '72). In the 
Australian possum the dorsal column fibres terminate in the 
cuneate, gracile and also the external cuneate nuclei 
(Watson and Symons, '72). There is regional organisation 
within the dorsal column nuclei for afferent and efferent 
relays. Neurons located rostrocaudally in both medial and 
lateral cuneate nuclei project to the thalamus, as does the 
gracile nucleus. Also, the input projection to the 
ventrobasal thalamus is topographically organised (Hazlett 
et al., '72). The rostral medial and lateral regions of the
cuneate project to the cerebellum, while neurons in the 
caudal region of the medial cuneate nucleus project to
lumbar levels of the spinal cord (Gray et al., ’81). The
brainstem nuclei also receive cortical projections, the 
cuneate nucleus receiving projections from the neocortical 
forelimb region, the gracile nucleus from the neocortical 
hindlimb region and the trigeminal nucleus from the
neocortical face region (Zimmerman and Chambers, '63; 
Martin and West, '67;. Martin et al., '75). It has been
suggested that the neocortical brainstem projections
1.9
function as a feedback modulation on incoming sensory input 
(Martin et al., '71). The somatotopical organisation and
the projection properties of the metatherian brainstem 
nuclei were comparable to those of the eutherian mammals. 
Differences were found in the smaller size of the gracile 
nucleus and the lesser specialisation of the dorsal column 
nuclei in the opossum (Hamilton and Johnson, '73; Penny,
' 82) .
1.2.2 Cerebellar nuclei. The cerebellum of the 
opossum contains three well defined deep cerebellar nuclear 
masses. A medial nuclear mass, the fastigial nucleus and a 
lateral nuclear mass containing the interposed and dentate 
nuclei (Voris and Hoerr, '32; Foltz and Matzke, '60). The 
fastigial nucleus is further subdivided
cytoarchitectonically into a compact posteromedial area and 
an anterolateral reticular region. The interposed nucleus 
can also be subdivided into an anterior and posterior 
region (Martin, '74).
The deep cerebellar nuclei in the opossum (Hazlett 
et al., '71) and possum (Watson et al. '76) receive spinal
input mostly from the cervical and thoracic levels. The 
fastigial nucleus receives bilateral input while the 
interposed and dentate nuclei receive only ipsilateral input 
(Hazlett et al., '71). Cerebellofugal fibres from the
fastigial nucleus course into the uncinate fascicle (Foltz 
and Matzke, '60; Yuen et al. , '74) and project to the 
basilar pontine, reticular formation, (Yuen et al., '74)
midbrain and thalamus (Martin et al. , '7 4). The afferent fibres
1.10
from the interposed and dentate nuclei course ipsilaterally 
into the brachium conjunctivum to project to similar areas
as the fastigial nucleus as well as to the ventrolateral
nucleus in the thalamus (Martin et al. , '74). It was
reported (Foltz and Matzke, '60; Martin, '74) that the deep 
cerebellar nuclei projected to both the ventrobasal and 
ventrolateral thalamic nuclei. However, this region most 
likely corresponds to the intralaminar thalamic region 
which Walsh and Ebner ('73) found to receive overlapping 
cerebellar and brainstem projections. The cerebellum also 
has a complex (Linauts and Martin, '78) but highly ordered 
(Martin et al. , '74) projection relay to the inferior
ol ives.
1.2.3 Auditory brainstem and midbrain. In the
opossum (Stokes, '12), the possum (Aitken and Kenyon, ’81)
and kangaroo (Cowley, '73) the cochlear nuclei are located 
medial to the inferior cerebellar peduncle (restiform 
body) . In eutherian mammals the cochlear nuclei are placed 
more laterally. The cochlear complex in the opossum (Willar 
and Martin, '83) and possum (Aitken and Kenyon, '81) 
consists of two nuclei, dorsal and ventral. In both the 
opossum and possum the dorsal and ventral cochlear nuclei 
project to the contralateral inferior colliculus. In the
possum there is also a very small projection from the 
dorsal cochlear nucleus to the ipsilateral 
inferior colliculus (Aitken and Kenyon, '81).
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In both the opossum (Stokes, '12, Willard and Martin,
*83) and possum (Aitk n and Kenyon, '81) the inferior 
colliculus consists of a central nucleus and an external 
nucleus. In the possum Aitkin and Kenyon(>81) also found a 
third division of the inferior colliculus, the pericentral 
nucleus, ICP. In the possum the central nucleus is tonoto- 
pically organised (Aitkin et al. '78). The discrete tuned
units found in the central nucleus are not present in the 
external nucleus which contains units with broad irregular 
tuning. According to Aitkin et al. ('84) the inferior
•kcolliculus also contains omnidirectional, directional
* *sensitive and azimuth selective units. Both Martin and 
Aitkin point out that despite the unusual morphology of the 
arrangement of the brainstem auditory nuclei both the 
connectivity and physiology are similar to that of the cat 
and other eutherian mammals.
1.2.4 Relations between thalamus and cortex in the 
auditory system. In this section the cytoarchitectural, 
physiological and connectivity relation of the medial 
geniculate, MG, and auditory cortex are discussed.
The medial geniculate nucleus.
In the opossum the medial geniculate nucleus, MG,
contains two divisions, a marginal region or outer shell and
an inner core region. These divisions are not clearly
differentiated (Bodian, '39; Oswaldo-Cruz and Rocha-Miranda,
'67). Bodian ('39) suggested that the central or inner core
region corresponded to the magnocellular part of the medial
geniculate of carnivores. In the Australian possum the
medial geniculate also contains two regions,
an outer (or peripheral zone) and an
★see Appendix II for definitions
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inner (central zone). The peripheral zone contains small to 
medium sized cells while the inner region contains larger 
cells. Like in the opossum, these regions are not clearly 
defined (Goldby, '41). Both Rockel et al. (’72) and Haight 
and Neylon ('78a) chose to use the nomenclature used by 
Tarlov and Moore (’66) for the rabbit. Thus they identify 
an internal and principal region within the medial
geniculate nucleus. The results from physiological studies 
showed that MG could be divided into a lateral, dorsomedial 
and ventromedial sectors (Aitkin and Gates, '83) which were 
not easily differentiated from the Nissl stained material. 
The auditory cortex.
In the opossum the auditory cortex was delineated 
by Diamond and Utley ('63). Previously the region had been 
allocated as a temporal region (Gray, '24) the rostral part 
of which, was suggested to have auditory involvement 
(Bodian, '42). Later studies, both degeneration (Martin, 
'68) and physiological (Neider and Randall, '64; Ravizza 
and Masterton, '12), confirmed the location of the auditory 
area outlined by Diamond and Utley. In the possum, the 
auditory region was located rostral to the temporal 
neocortical region (Haight et al., '80) in a similar
location to the auditory cortex of the opossum. The 
auditory cortex of the possum contains a prominent layer IV 
(Neylon and Haight, '83, seep. 361 fig 2) characteristic of 
sensory koniocortex (Aitkin and Gates, '83).
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Only one auditory field was found in the auditory 
cortex of the possum. The arrangement of frequencies is 
unlike that seen in other mammals, high frequencies are 
located dorsally while low frequencies are located more 
ventrally (Gates and Aitkin, '82).
Relations between thalamus and cortex
The MG of the possum receives bilateral input from 
the inferior colliculus (Rockel et al. '72). The lateral 
sector of MG which is topographically arranged projects to 
the tonotopically organised auditory cortex. Both
dorsomedial and ventromedial sectors of MG as well as part 
of the posterior nucleus also project to the auditory
cortex (Aitkin and Gates, '83).
Projections from the auditory cortex terminate in 
the central zone of MG, deep layers of the superior
colliculus and the ipsilateral nucleus of the inferior
colliculus, some fibres cross the commissure terminating in 
the contralateral inferior colliculus in both the opossum 
and possum (Martin, '68; Martin et al., '75).
There are several points of interest from these 
studies and others. Evoked auditory responses were recorded 
in widely varying patterns over extensive regions of the 
neocortex in unanaesthetised opossums(Neider and Randall, 
'64). This supports the hypothesis of Diamond and Utley 
('63) of axon collaterals producing sustaining projections 
occurring outside the primary projection cortex. In the 
opossum the somatosensory II region (SII) was located 
physiologically within the auditory cortex (Lende, '63c;
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Pubols, 'll). In the possum SII was located adjacent to the 
auditory region. (Adey and Kerr, '54; Haight and Neylon, 
'78b, '19). Thus in the opossum there appears to be
considerable sensory overlap between neocortical 
somatosensory and auditory regions. However, the tonotopic 
arrangement in the auditory cortex of the possum, is unlike 
that found in eutherian mammals.
1.2.5 Relations between thalamus and cortex in the 
visual system. In this section the major interest is on the 
species similarities and differences of the lateral geniculate 
nucleus and to a lesser extent the visuotopic properties 
between thalamus and cortex.
The lateral geniculate nucleus
The dorsal lateral geniculate, LGD, of the opossum 
(Tsai, '25) does not contain a laminated cellular
arrangement (Bodian, '39, '42; Royce, et al. , '76) as that 
seen in the Marmosa mitis (Royce, et al., '76) and the 
South Amercian opossum, Didelphis marsupialis aurita (Lent, 
et al., '76). Results from autoradiographic and 
degeneration studies have shown that the LGD of the 
D. aurita has a poorly differentiated laminated cellular 
pattern while the lamination in the LGD of the M. mitis is 
very well defined.
In Australian marsupials so far studied, except 
for the ringtailed possum, Pseudocheirus pereorinus. 
(Pearson, et al., '76) the LGD is organised in cellular 
laminations visible in Nissl stained sections (Goldby, 
'41). Following degeneration or using autoradiography
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laminations are seen in every Australian marsupial so far
studied. These marsupials are from the order
Polyprotodontia, the Tasmanian devil, Sarcophilus harrisiif 
(Sanderson, et al. , '79) and the native cat Dasvurus
viverrinus, (Sanderson, et al., '77). The diprotodont 
species are the possum, Trichosurus vulpecula, (Packer, 
Ml; Hay how, '67), the sugar glider, Petaurus breviceps, 
(Johnson and Marsh, '69), the hairy-nosed wombat, 
Lasiorhinus latifrons, (Sanderson and Pearson, *81) and 
different species of macropodid marsupials (Sanderson, et 
al. , '84). There are fewer laminations in the LGD of
polyprotodonts than there are in diproprotodonts. Further, 
the Tasmanian devil has fewer definable laminations in the 
LGD than the native cat (Sanderson, et al., '79). Within 
the diprotodontid marsupials the grey kangaroo, a
macropodial marsupial, has a most complex cellular 
lamination pattern in the LGD, up to ten laminations are 
distinguishable following tracing studies (Sanderson, et 
al., '84).
Considerable binocular overlap is seen in the
central area of the LGD of the opossum (Bodian, '37;
Benevento and Ebner, '70; Royce, et al. , '76) while the
South American opossum has much less binocular overlap (Lent, et al., 
'76). In contrast to the opossum, the M. mitis was found to
have considerable segregation of ocular input to the LGD. 
The LGD of Australian polypr otodontid marsupials has some 
binocular overlap which has also been shown to occur in the 
first three layers of the LGD of the possum (Hayhow, '67).
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The LGD of the wombat and members of the genus Macropus 
have definite segregation of ipsilateral and contralateral 
retinal input (Sanderson and Pearson, '81; Sanderson, et 
al., '84).
The visual cortex
In the opossum and possum the visual cortex 
(striate area) is characteristically located in the caudal 
pole of the neocortex. Brodmann ('09) designated a similar 
caudal region to represent the visual cortex in the black 
striped wallaby Macropus dorsalis. The striate cortex in 
both opossum and possum is characterised by a prominent 
inner granular layer (Gray, '24; Benevento and Ebner, '71; 
Packer, '41; Haight, et al. , '80). An autoradiographic study
of retinal-striate projections in the possum did not reveal the presence 
of ocular dominance columns in the striate cortex. The 
label was located in a continuous band (Sanderson, et al. , 
'80). Brodmann ('09) had suggested that layer IV in the 
M. dorsalis was separated into three regions however, Clark 
('25) was unable to confirm this observation when he looked 
at the visual area of Macropus brunii. He found that layer 
IV in the kangaroo was undivided and similar to that found 
in Didelphis, with the stria Gennari coinciding with its 
outer part. The elaboration and specialisation of
the layer IV seen in cat and in particular in monkeys (see 
Bishop, '84 for review) is not apparent in either the 
possum or opossum nor in kangaroos.
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Thalamo-occipital relations
Tracing studies have well established that only 
the LGD projects to the striate area in both the opossum 
(Bodian, '35, '42; Diamond and Utley, '63; Martin, '68b;
Benevento and Ebner, '71a; '71b) and possum (Packer, '41?
Goldby, '43; Rockel, et al., '72; Haight, et al. , '80). 
Also, the LGD to striate projection is topographically 
organised. A visual belt region (Diamond and Utley, '63) or 
peristriate region was found to have overlapping 
projections from the lateral posterior nucleus, LP, and 
LGD. Also, it has been suggested that a second visual field 
may be present in the peristriate region (Sousa, et al. , 
’78). Results from recent studies utilising neuroanatomical 
tracers have shown that there is precise visuotopic 
representation in the striate cortex of the opossum. Thus 
the LGD projects to area 17, the lateral sector of LP 
projects to area 17 and area 18 and the lateral 
intermediate nucleus, LI, projects to area 19 (Coleman, et 
al. , '77; Coleman and Clerice, '81).
In the Australian possum the projections from LGD 
and LP are coextensive, such that LGD also projects to the 
peristriate region (Haight, et al., '80). The cells in the 
striate cortex of the possum are highly binocular, although 
there is a greater contralateral dominance than seen in the 
cat. Also, Crewther et al. ('84) found that only 30% of cells
were orientation selective.
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bOPOSSUM WALLABY
Fig. 1.1 a) Abbie's map of the motor cortex for Wallabia rufogrisea.
Abbie applied unipolar stimulation to the cortex, while the 
animal was lightly anaesthetized with ether. The body movements 
seen from cortical stimulation were contralateral. Head 
movements were mainly lateral flexion, while stimulating the 
anterior head region of the cortex provoked chewing movements. 
Stimulation of the arm region of cortex produced opening and 
closing movements of the forepaw as well as protraction, 
retraction or flexion of the forelimb. Movements of the 
hindlimb were flexion and extension of the hip. No movement 
of the trunk and tail was observed (Abbie, '40). 
b and c) Lende's homunculus-like maps of the sensorimotor 
(i.e., sensory and motor superimposed) body representation of 
the opossum (Didelphis virginiana) and wallaby (Thylogale eugenii). 
Lende made a systematic exploration of the cortex with points of 
observation 2 mm apart. The motor systems were studied by stimu­
lation with bipolar electrodes using 60 cycle current. Successive 
stimuli at 2-minute intervals were given with increasing 
milliamperage until a threshold movement (i.e., a body movement) 
was obtained. Sensory systems were investigated with evoked 
potential technique in which a cortical electrode was used to 
record responses evoked by the light tap of a roving tactile 
stimulator (Lende, '63a).
1.2.6 Relations between thalamus and cortex in the 
sensorimotor system. In this section the cytoarchitectonics 
and connectivity of the thalamic nuclei relaying medial 
lemmiscal and cerebellar projections to the sensorimotor 
neocortical region are discussed. The sensorimotor region 
is also discussed in view of its cytoar chi tectonic and 
physiological properties.
The ventrolateral and ventrobasal thalamic nuclei
The ventral anterior, VA, and ventrolateral, VL, 
nuclei of the opossum have been described in various 
combinations. Bodian ('40) recognised only one region and 
named it VA. Diamond and Utley ('63) defined two separate 
regions VA and VL while other workers defined the two 
regions as an amalgamated complex, VAL, (Oswaldo-Cruz, '67,
'68; Killackey and Ebner, '72, '73; Walsh and Ebner, '73; 
Donoghue and Ebner, '81a, '81b). In the Australian possum 
Goldby (Ml) defined two regions, VA and VI (VI, ventral 
intermediate nucleus) the latter probably corresponds to 
VL. In a more recent study on the thalamic histology of the 
possum (Haight and Neylon, '78a) VA was found clearly 
differentiated from VL, as was also found in the native cat 
(Haight and Neylon, '81a). In eutherian mammals, for 
example the cat, it is difficult to differentiate VA from 
VL cytoarchitectonically (Berman and Jones, ’82).
In the cat (Berman and Jones, '82) the ventrobasal 
region comprises an arcuate or VPM and an external
region, VPL. In the opossum the ventrobasal complex was 
firstly referred to as the ventral principal nucleus
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(Bodi an ,  ' 3 9 ) .  Thi s  complex does  no t  a p p e a r  t o  be e a s i l y  
d i f f e r e n t i a t e d  i n t o  a medi a l  and l a t e r a l  r e g i o n  i n  t h e  
opossum (Oswaldo-Cr  uz and Rocha-Mi r a n d a , ' 6 7 ,  ' 68 ;  Donoghue
and E bne r ,  ' 8 1 a ) .  However,  i n  t he  possum (Rockel ,  e t  a l . ,
' 7 2 ;  H a i g h t  and Neylon,  ' 78a)  and n a t i v e  c a t  (Ha igh t  and 
Ney lon ,  ' 81 a )  t h e  two r e g i o n s ,  medi a l  and l a t e r a l  a r e  
e a s i l y  d i f f e r e n t i a t e d .  In t h e  possum, a r e g i o n  media l  t o  
VPM, VPP, ( p o s t e r o m e d i a l  v e n t r o p o s t e r i o r  n u c l e u s )  was 
s u g g e s t e d  t o  have  g u s t a t o r y  f u n c t i o n  s i n c e  i t  was 
p r o j e c t i n g  t o  n e o c o r t i c a l  r e g i o n s  r e p r e s e n t i n g  l i p s  and
i n t r a o r a l  s t r u c t u r e s  (Ha igh t  and Neylon,  ' 7 8 a ,  ' 7 8 b ) .
Rockel  e t  a l . , ( ' 7 2 )  i n c l u d e d  t h i s  a r e a  i n t o  t h e
v e n t r o m e d i a l  n u c l e u s ,  VM, of t h e  possum t ha l am u s .  Ha igh t  
and Neylon a l s o  comment t h a t  VPP i s  no t  homologous t o  any 
s t r u c t u r e  w i t h i n  t h e  v e n t r o b a s a l  complex of  p l a c e n t a l  
mammals.  The possum, thus fa r ,  appears to  be un ique  i n  h a v in g  
a c q u i r e d  t h i s  t h a l a m i c  n u c l e u s .
The i n t r a l a m i n a r  and p o s t e r i o r  n u c l e i  a r e  a l s o  
a s s o c i a t e d  w i t h  s e n s o r i m o t o r  r e l a y  i n  bo th  t he  opossum
(Diamond and U t l e y ,  ' 63 ;  K i l l a c k e y  and E bn e r ,  ' 7 2 ;  Walsh 
and Ebner ,  ' 7 3 ;  Donoghue and Ebner ,  ' 8 1 a ) ,  possum (Ha igh t
and Neylon ,  ' 7 8 b ,  ' 79 )  and n a t i v e  c a t  (Ha ight  and Neylon,  
' 8 1 b ) .  There  i s  g e n e r a l  ag reement  t h a t  t h e  i n t r a l a m i n a r  
n u c l e i  l i e  d o r s a l  t o  t h e  v e n t r o l a t e r a l  n u c l e u s  i n  t h e  
m a r s u p i a l s  men t i on ed  above .  Thi s  i s  a marked c o n t r a s t  t o  
t he  c o n f u s i o n  over  t he  d e l i n e a t i o n  of t he  p o s t e r i o r  n u c l e u s  
i n  bo th  m e t a t h e n a n  and e u t h e r i a n  mammals (Neylon and 
H a i g h t , *83) .
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The sensorimotor cortex
Early physiological studies showed that the 
motor cortex of the opossum was located around and
behind the orbital sulcus. Motor regions representing the 
hindlimb and tail were not found (Cunningham, 1898; Gray 
and Turner, '24; Rogers, '24). However both Vogt and Ziehen 
(references not sighted) were able to map the hindlimb and 
tail neocortical regions. From more recent motor mapping 
studies, the whole body was shown to be represented within 
the parietal region. There is a large area for the head 
representation, then forelimb and a much smaller area for 
the hindlimb and tail representation which is mostly 
located in the medial parietal region (Lende, '63b; 
Magalhaes-Castro and Saraiva, '71).
★Early physiological motor studies on the bandicoot 
(Chapman, '06) and native cat (Flashman, '06) recorded 
movement from the entire body. However, in later studies 
where more refined techniques were used a neocortical 
representation area for the hindlimbs and tail was not 
found. The marsupials involved in these studies were the 
possum (Goldby, '39), bandicoot, Tasmanian devil, native 
cat and two species of wallabies (Abbie, '40) Fia. 1.1. A motor 
map of the whole body of the wallaby Thylogale eugenii was 
obtained within the sensorimotor region, the results being 
similar to those described for the opossum (Lende, '63a) Fig. 1.1.
In the opossum the somatosensory area is
physiologically coextensive with the motor region (Bodemer
and Towe, '63; Lende '63c). Further, the somatosensory area 
*
these studies involved applying electrical stimulation to the cortex
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is in complete register with the motor area (Lende, '63c) . 
This was also found for the South American opossum 
(Magalhaes-Castro and Saraiva, ’71). In these studies SII 
was located in a ventral-lateral region within the auditory 
cortex. Recent microelectrode studies confirmed the 
somatosensory map (SI) of Lende but found that the 
somatosensory area is not as large as originally found by 
Lende (Pubols, et al. , '76). The map from the micro­
electrode study of the SII region correlated with the 
bodily proportions of the SI map in that the head region 
occupied the most area, the next largest for the forelimb 
area while a smaller area was devoted to the hindlimb 
representation (Pubols, 'll).
In the opossum (Lende, '63c) the body region within 
SI and SII was found in a similar neocortical region to 
that of the possum (Adey and Kerr, ’54). Also, Adey and 
Kerr ('54) recorded an ipsilateral face representation from 
subcutaneous receptors which was not present from the 
tactile stimulation map. In the wallaby, the somatosensory 
neocortical map of bodily regions was found to be in 
complete register with the motor map (Lende, '63c). Part 
.of these results were supported by a further physiological 
study which only mapped the head region of another species 
of wallaby, Thylogale billardierii (Weller, et al., '76) . 
There are two sensorimotor features that appear to be 
characteristic of marsupials, extensive motor and 
somatosensory overlap in the neocortex and a large head 
and forelimb representation area.
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In  t h e  opossum an a g r a n u l a r  a r e a  was l o c a t e d  
w i t h i n  t h e  p r e o r b i t a l  (Gray,  ' 24)  and p o s t o r b i t a l  (Walsh 
and Ebne r ,  '70)  r e g i o n .  O t he rwi se  t h r o u g h o u t  t h e  p a r i e t a l  
r e g i o n  t h e r e  i s  a w e l l  deve loped  g r a n u l a r  l a y e r  ( l a y e r  IV) 
c o e x t e n s i v e  w i t h  a wide l a y e r  V (Walsh and Ebner ,  ' 7 0 ) .  
Thus,  t he  s e n s o r i m o t o r  c o r t e x  h a s  f e a t u r e s  of both  s e n s o r y  
and motor  c o r t e x  of  p l a c e n t a l s .  In  A u s t r a l i a n  m a r s u p i a l s  
l a y e r  IV was found  a lways  t o  be c o e x t e n s i v e  w i t h  l a y e r  V 
(Goldby,  ' 39 ;  Abbie ,  ' 4 0 ;  M a r t i n  and Me g i r i a n ,  ' 7 2 ) .  
However,  l a y e r  IV of  t h e  f a c e  r e p r e s e n t a t i o n  r e g i o n  i s  
e x c e e d i n g l y  wide and c e l l s  a r e  a g g r e g a t e d  i n  d i s t i n c t  
c l u s t e r s  (Mar t in  and M e g i r i a n ,  ' 7 0 ) .  Thi s  r e g i o n  c o n s i s t s  
of  a ' b a r r e l 1 f i e l d  s i m i l a r  to  t h a t  found i n  t h e  mouse and 
ra t  ( W e l l e r ,  ' 7 2 ) .
R e l a t i o n s  between t h e  s e n s o r i m o t o r  c o r t e x  and t ha l amus
In t he  opossum t h e  v e n t r o l a t e r a l  n u c l e u s  and 
v e n t r o b a s a l  r e g i o n  r e c e i v e  s e p a r a t e  i n p u t  from t h e  
c e r e b e l l u m  and b r a i n s t e m  r e s p e c t i v e l y  (Walsh and Ebner ,  
' 7 0 ) .  In  t h e  opossum p h y s i o l o g i c a l  s t u d i e s  of  VB have shown 
a l a r g e  a r e a  r e p r e s e n t i n g  t h e  f a c e  r e g i o n ,  a s m a l l e r  a r e a  
i s  a l l o c a t e d  t o  t h e  f o r e l i m b  r e p r e s e n t a t i o n  and a v e r y  
smal l  a r e a  f o r  t h e  h i n d l i m b  r e p r e s e n t a t i o n .
Neurons w i t h i n  VB a r e  complex and m o d a l i t y  s p e c i f i c  
r e s p o n d i n g  t o  t o u c h ,  deep  p r e s s u r e  or  j o i n t  r o t a t i o n  
(Pubo l s  and Pubo l s ,  ' 66 ;  Sousa ,  e t  a l . , ' 7 1 ) .  There  i s  no
i p s i l a t e r a l  p r o j e c t i o n  i n  VB (Bo m bar d i e r i ,  e t  a l . ,  ' 7 5 ) .
Axons from VB p r o j e c t  t o  t h e  somatosenso ry  c o r t e x  
t o p o g r a p h i c a l l y  (Pu bo l s ,  ' 6 8 ;  Donoghue and Ebne r ,  ' 81)  a s
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do t h e  VL axons (Donoghue and Ebner ,  ' 8 1 ) .  In t h e  l a t t e r  
s t udy  a med ia l  t o  l a t e r a l  t h a l a m i c  o r g a n i s a t i o n  was fo und  
t o  c o r r e s p o n d  t o  a l a t e r a l  t o  medi a l  c o r t i c a l  o r g a n i s a t i o n .
In the possum VL r e c e i v e s  i n p u t  from the  deep
c e r e b e l l a r n u c l e i ( R oc ke l , e t  a l . , ' 72 ;  Ward and Watson,
'73)  w h i l e VPM and VPL r e c e i v e t o t a l l y  c r o s s e d  i n p u t
(C lez y ,  e t a l . , ' 61)  from t h e t r i g e m i n a l  and m ed ia l
l e m n i s c a l  pa thways  (Dennis  and K e r r ,  *61; Rocke l ,  e t  a l . ,
’ 7 2 ) .  P r o j e c t i o n s  from VL t e r m i n a t e  i n  t h e  motor r e g i o n  of 
t h e  p a r i e t a l  c o r t e x  w h i l e  VB p r o j e c t s  t o  t he  soma tos ens o r y  
r e g i o n .  I n f o r m a t i o n  t o  t h e  body r e g i o n  i s  r e l a y e d  by VPL 
w h i l e  VPM r e l a y s  i n f o r m a t i o n  t o  t h e  head r e g i o n .  The
p r o j e c t i o n s  from VL and VB were found t o  be only p a r t i a l l y  
o v e r l a p p i n g  no t  only i n  t he  possum bu t  a l s o  i n  t he  n a t i v e  
c a t  (H a ig h t  and Neylon,  ' 78 c ,  ' 7 9 ,  ' 8 1 b ) .
In the  opossum and possum th e  zona i n c e r t a ,  Z I ,  
and  t h e  p o s t e r i o r  n u c l e u s ,  PO, r e c e i v e d  a f f e r e n t s  from t h e
s p i n a l  co rd  i n  h i gh  c e r v i c a l  segment s  and t he  d o r s a l  column 
n u c l e i  (Pu bo l s  and Pubo l s ,  ' 66 ;  Rocke l ,  e t  a l . , ' 7 2 ) .  In  
bo th  t he  opossum (Walsh and E bne r ,  *73; K i l l a c k e y  and
Ebne r ,  *72) and possum (Rockel ,  e t  a l . , ’ 72) t h e
i n t r a l a m i n a r  n u c l e i ,  IL, r e c e i v e  c e r e b e l l a r  i n p u t .  In t h e  
possum t h e s e  n u c l e i  a l s o  r e c e i v e  a f f e r e n t s  from t h e
r e t i c u l a r  f o r m a t i o n .  There  i s  a g r e a t  deg ree  of t e r m i n a l  
c on ve r gen ce  of VL, VB, IL, PO to t h e  s e n s o r i m o t o r  r e g i o n  i n  
bo th  t he  opossum and possum and n a t i v e  c a t  ( K i l l a ck e y  and 
Ebner ,  ' 7 3 ;  Donoghue and Ebner ,  ' 8 1 ;  Ha ig h t  and Neylon,  
' 7 9 ,  ' 8 1 b ) .  However,  i n  t he  opossum t h e s e  i n p u t s  show
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layering segregation such that layers III-IV receive input 
from VI and VB (Killackey and Ebner, '72, '73); Christensen 
and Ebner, '78; Donoghue and Ebner, '81b; Foster, et al., 
'81). Layer I receives mainly IL terminals (Donoghue and 
Ebner, '81b) however IL also project to all six layers 
(Killackey and Ebner, ’73). The pathways relations resemble 
those found in the eutherian mammalian system.
1.2.7 Interhemispheric and corticocortical 
connections. A unique feature of all marsupials is the lack 
of a corpus callosum (section 1.3), however this does not 
hinder interhemispheric relay. The anterior commissure in 
the opossum has been suggested to be a homologue of the 
corpus callosum of eutherian mammals (Manning and Megirian, 
'63; Martin, '67). Secondary interhemispheric bridges 
exists between the midline nuclei (Nelson and Lende, '65) 
and hippocampal commissure (Martin, '67). A similar 
organisation exists in the possum (Heath and Jones, ’71) as 
well as the fasciculus arberrans, found only in 
diprotodontid marsupials, appears to connect the dorsal 
cortical regions. The ipsilateral and contralateral striate 
region is the only area not connected interhemispherically 
(Heath and Jones, '71? Crewther, et al., '84). Nonetheless, 
behavioural studies show that interhemispheric 
communication exists in the striate cortex of the possum 
(Robinson, '82). Interhemispheric fibres terminate 
homotypically (Martin, '67) in the contralateral 
infragranular layers (Ebner, '67). These fibres terminate
coextensively with thalamic fibres. Ipsilateral 
*(Robinson *82)
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( c o r t i c o c o r t i c a l ) f i b r e s  t e r m i n a t e  i n  a l l  l a y e r s  (Ebner ,
•67) . More r e c e n t l y , u s i n g HRP* t r a c e r , s e n s o r i m o t o r  c e l l s
were found t o l a b e l c e l l s i n l a y e r s I I  t o  VI i n bo th
i p s i l a t e r a l and c o n t r a l a t e r a l c o r t i c e s ( F o s t e r ,  e t a l . ,
' 81 )  .
In t h e possum c e l l s  :i n  l a y e r s I I I  t o  V of t h e
a u d i t o r y  c o r t e x send axons t h a t  become components  of t h e
f a s c i c u l u s  a r b e r r a n s  (A i tk en  and G a t e s ,  ' 8 3 ) .  The o c c i p i t a l  
l o b e  h a s  i p s i l a t e r a l  c o n n e c t i o n s  w i t h  t h e  t em p o ra l  l o b e  
(Cr ew the r ,  e t  a l . ,  ' 8 4 ) .  The l a c k  o f  a co rpus  c a l l o s u m  does  
n o t  a f f e c t  what  a p p e a r s  t o  be an e f f i c i e n t  i n t e r h e m i s p h e r i c  
r e l a y  sys tem in  m a r s u p i a l s .
1 . 2 . 8  C o r t i c o s p i n a l  t r a c t .  In  m a r s u p i a l  mammals 
t h e  py r amida l  t r a c t  c o m p l e t e l y  d e c u s s a t e s  i n  t h e  r e g i o n  of  
t h e  pyramids  and m ed u l l a  o b l o n g a t a  and de scend  i n  opossums 
by t h e  d o r s a l  f a s c i c u l u s  o n l y  ( B a u t i s t a  and Matzke ,  ' 6 5 ) .  
In  A u s t r a l i a n  m a r s u p i a l s ,  t h e  possum,  (Rees and Hore,  ' 7 0 ;  
M a r t i n  e t  a l . ,  ' 70 ;  Hore e t  a l . ,  ' 73 )  t h e  p o t o r o o  (Mar t i n  
e t  a l . ,  ' 72)  and kangaroo  (Watson,  ' 71)  t h e  py r ami da l  t r a c t  
d e s c e n d s  ma in ly  by t h e  d o r s a l  f a s c i c u l u s  a s  w e l l  as  by a 
s m a l l e r  l a t e r a l  f a s c i c u l u s .  I n  t h e  opossum t h e
c o r t i c o s p i n a l  t r a c t  t e r m i n a t e s  w i t h i n  t h e  c e r v i c a l  r e g i o n  
(T u rn e r ,  ' 24 ;  M a r t i n  and F i s h e r ,  *6 8 ; M a r t i n ,  ' 6 8 a;
B a u t i s t a  and Matzke,  ' 6 5 ) .  A few f i b r e s  have  been found  t o  
t e r m i n a t e  i n  T5 (Mar t i n  and F i s h e r ,  ' 6 8 ) .  In t h e  possum t h e  
c o r t i c o s p i n a l  t r a c t  t e r m i n a t e s  a ro u n d  t h e  mid t h o r a c i c  
r e g i o n  (Mar t i n  e t  a l . ,  ' 7 0 ;  Rees and Hore ,  ' 70 ;  Hore e t  a l .  
' 7 3 ) .  The c o r t i c o s p i n a l  t r a c t  of  t h e  quokka a l s o  t e r m i n a t e s  
HRP -  h o r s e r a d i s h  p e r o x i d a s e ,  s ee  Appendix  I I
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in the mid thoracic region (Watson, ’71b), although Blumer 
('63) could only trace it within the cervical level, as 
does the corticospinal tract of the kangaroo (Watson, '71a; 
Watson and Freeman, '77). In the potoroo the corticospinal 
tract was traced down to T]_2 (Martin et al. , '72). In both
Australian and American marsupials the corticospinal tract 
arises from the parietal region (Martin and Fisher, '68; 
Rees and Hore, '70; Martin et al. , '70; Watson, '71a,
'71b). The immediate differences between the corticospinal 
tract of Australian and American marsupials is the larger 
size of the tract and the more caudal extent of the 
corticospinal tract in the possum and macropods. However, 
in all marsupials the corticospinal tract is not as 
caudally extensive as that seen in eutherian mammals.
1.3 COMPARISON OF THE ORGANISATION OF MOTOR AND
SOMATOSENSORY CORTICES IN MAMMALS.
★The degree of sensorimotor overlap has been shown 
to vary for different therian mammals. This neurological 
feature is well documented since it has been studied in a 
number of different eutherian mammalian species as well as 
in some metatherian mammals. Further, it appears from the 
results from different animals that the degree of overlap 
could be used as a measure of neurological specialisation
compatible to an evolutionary scale.
1. 3.1 Monkey and cat. It is well known and
documented that monkeys have a precentral motor cortex
separate from the postcentral somatosensory cortex
(Woolsey, '58; J ones and Friedman, '82; Kaas, ' 83;
* See Appendix II for definition
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Kaas et al., '84). There are many more references available 
supporting this issue. Within the somatosensory cortex of 
the monkey there is a multiple sensory representation (Kaas 
et al. , '19). These components are cytoarchitectonically
distinguishable into areas 3a, 3b, 1 and 2 (Kaas, '83).
Each of these areas represents a different modality, area 
3a receives muscle spindle relay, areas 1 and 3b cutaneous 
relay and area 2 receives relay from both cutaneous and 
deep receptors however, see Powell and Mountcastle ('59). The motor 
cortex, traditionally known as agranular cortex for its lack or near 
lack (Porter, '81 for review) of granular cells, has a mirror image 
representation of the somatosensory cortex ( Woolsey, '58) . Thus the 
resultant figurine in the motor cortex faces caudally and 
the figurine in area 3a faces rostrally.
In the cat the somatosensory cortex is located
ventral to the cruciate sulcus as well as within the
coronal sulcus and rostral to the ansate sulcus (see Kaas,
'83, for review). The motor cortex which is located around 
the cruciate sulcus (Nieoullon and Rispal-Padel, '76) is 
separate from the sensory cortex. In the cat in SI there is 
only a single representation of the body. All parts of SI 
receive input from cutaneous receptors (Felleman et al., 
'83). Within the motor cortex Strick ('81) has found a 
double representation for the distal forelimb. However, 
this double representation has not been found in SI. In the 
cat also, the figurine of the motor cortex is the mirror 
image of that found in the somatosensory cortex.
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It is well documented that all monkeys and 
carnivores possess separate motor-sensory representations. 
This would appear to be a feature of more neurologically 
advanced eutherians since there are a number of eutherian 
mammals that have either complete, extensive or partial 
overlap of the somatosensory and motor cortices.
1.3.2 Overlap of sensorimotor region in eutherian 
mammals. In the rat first reports (Hall and Lindohlm, '74; 
Donoghue et al., '79) indicated that there was total 
overlap of forelimb and hindlimb regions between the motor 
and somatosensory neocortical regions. The head was
represented separately. More recent studies (Donoghue and 
Wise, ’82) have shown that not all the forelimb and 
hindlimb region is overlapped. Further, it has also been 
found that areas of overlap do not involve homologous body 
parts (Sanderson et al. , '84; Welker et al., '84). The 
later studies indicate that the overlap pattern may not be 
as simple as first thought. However, the overlap of 
non-homologous body regions does not appear to be unique to 
the rat.
In the armadillo (Dasypus novemcinctus mexicanus) 
there is total overlap of the head motor and sensory 
neocortical regions and only partial overlap of sensory 
forelimb and hindlimb region with the trunk motor region. 
This is a most unusual overlap organisation. The motor head 
representation region (Dorn et al., '71) is the mirror image
of the sensory head representation yet there is near total 
overlap of the two head regions (Royce et al., '75). The
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motor map of the rest of the body is orientated rostrally 
as is, the sensory body map. Hence, this explains how part 
of both the hindlimb and forelimb sensory representation 
overlap with some of the trunk motor representation. This 
sensorimotor organisation could be regarded as less 
specialised and perhaps typical of edentate mammals.
In the porcupine (Erethizon dorsatum) some overlap 
was found between the motor and sensory region. This animal 
has a rostral non-overlapped motor region and a caudal 
non-overlapped sensory region. The area in the middle of 
these two regions appears to be overlapped (Lende and 
Woolsey, '56). Some overlap was also found between the
auditory region and SII. The hedgehog (Erinaceus) displays 
a similar pattern of overlap to the porcupine. The central 
region of the motor and sensory cortices are overlapped
with a non-overlapped motor region rostrally and a 
non-overlapped sensory region caudally (Lende and Sadler, 
'67). There is some overlap also between the visual and
auditory regions as well as both regions, visual and 
auditory, overlap with the sensory region. The auditory 
region extends further rostrally and also overlap with the 
sensorimotor region.
In the three toed sloth (Bradvous tridactvlus) 
there is complete overlap of the sensory and motor regions 
of the neocortex (Saraiva and Magalhaes-Castro, '75). The 
sensory representation is in total register with the motor 
representation. Further, the proportions of bodily 
representations are very similar to those found in
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marsupials. The figurine faces rostrally, there is a large 
head and forelimb representation while the hindlimb and 
trunk occupy minimal neocortical area. In the two toed 
sloth (Choloepus hoffmanni) Meulders et al. ('66) find no 
overlap between the motor and sensory cortices. However, 
when the motor map obtained by Langworthy (' 35) is compared to the 
sensory map obtained by Meulders there appears to be some 
overlap of the posterior limbs. From these results it is 
suggestive that a number of eutherian mammals are less 
specialised for motor and sensory function. Perhaps
reflected by the overlap in the neocortex. It is also 
interesting to note that on an evolutionary scale these 
animals are regarded as being not highly evolved.
1.3.3 Sensorimotor organisation in monotremes. 
Elect r ophysiological studies on the platypus,
Ornithorhvnchus anatinus, (Bohringer and Rowe, '77) showed 
that the organisation of the sensorimotor region was 
similar to that found in the hedgehog. The rostral region 
of the motor cortex is not overlapped as is the caudal 
region of the sensory cortex. Only the middle region 
contains the sensorimotor overlap. The auditory cortex 
partially overlaps with the visual cortex and both visual 
and auditory areas overlap partially with the sensory area. 
The echidna (Tachyglossus aculeatus) possesses a highly 
gyrencephal ic neocortex while the neocortex of the platypus 
is lissencephalic (Elliot Smith, '02b). Physiologically 
results showed that a non-overlapped rostral motor region
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was p r e s e n t ,  as  we l l  as a c a u d a l  s e n s o r i m o t o r  o v e r l a p p e d
r e g i o n  (Lende,  *64) .  A n o n - o v e r l a p p e d  s enso ry  r e g i o n  was
n o t  f ound .  R e s u l t s  from a n a t o m i c a l  s t u d i e s  ( U l i n s k i ,  ' 84)  
s u g g e s t  t h a t  t he  a r e a  of o v e r l a p  i s  much sm a l l e r  t h a n  f i r s t  
t h o u g h t  f rom t h e  p h y s i o l o g y  and t h a t  t h e r e  a r e
n o n - o v e r l a p p e d  motor  and s e n s o r y  r e g i o n s .  According to
Ulinski ('84) the area of overlap resembles area 3a of monkeys (Kaas,
'83) . A neocortical region resembling area 3b l ie s  caudal to  area 
3a and a r e g i o n  r e s e m b l i n g  a r e a  4 l i e s  r o s t r a l  t o  3a .  The 
a n a t o m i c a l  r e s u l t s  s u g g e s t  t h e  p r e s e n c e  of an e u t h e r i a n  
mammalian motor  and s e n s o r y  p l a n  i n  t h e  e ch i d n a .
1 . 3 . 4  Sensorim otor  o r g a n i s a t i o n  in  m a r s u p ia l s .  I n  
t h e  opossum i t  ha s  been shown bo th  p h y s i o l o g i c a l l y  and 
a n a t o m i c a l l y  t h a t  t h e  motor  and s e n s o r y  n e o c o r t i c a l  r e g i o n s  
a r e  o v e r l a p p e d  and i n  comple t e  r e g i s t e r  (Lende ' 63b ,  ' 6 3 c ;
Donoghue and Ebner ,  ' 8 1 a ) .  The f i g u r i n e  f a c e s  r o s t r a l l y ,  a 
l a r g e  p r o p o r t i o n  of t h e  a r e a  r e p r e s e n t s  t h e  head r e g i o n  t h e  
ne x t  l a r g e s t  a r e a  r e p r e s e n t s  t h e  f o r e l i m b  r e g i o n  w h i l e  t h e  
l e a s t  a r e a  i s  f o r  t h e  h i n d l i m b ,  t r u n k  and t a i l
r e p r e s e n t a t i o n .
In t h e  A u s t r a l i a n  possum r e s u l t s  from 
p h y s i o l o g i c a l  s t u d i e s  (Abbie ,  ' 4 0 ;  P o r t e r ,  ' 5 5 ;  Adey and 
Ke r r ,  ' 5 5 ;  Rees and Hore,  '70)  s u g g e s t e d  t h a t  t h e r e  was 
some o v e r l a p  be tween t h e  motor  and s e n s o r y  sys tem.  However 
t h e s e  s t u d i e s  were  no t  a s  compre hen s ive  as  t h o s e  of Lende.  
From t h e  r e s u l t s  of a d e g e n e r a t i o n  s t u d y  Ward and Watson 
( ' 73 )  s u g g e s t e d  t h a t  t h e r e  was t o t a l  o v e r l a p  be tween  t h e  
motor  and s e n s o r y  c o r t e x  of  t h e  possum.  Recent  a n a t o m i c a l
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studies have shown that there is only partial overlap
between the motor and sensory region in the possum (Haight
and Neylon, '79) and native cat (Haight and Neylon, '81b).
There is a rostral non-overlapped motor region, then the
overlapped sensorimotor region followed by the
non-overlapped sensory region. These studies also suggested
that partial overlap was a feature of Australian
marsupials. However, a physiological study on the wallaby
£(Thylegale eugenii) showed that there was total overlap
between the motor and sensory regions (Lende, '63a). The
sensorimotor neocortical organisation found in the wallaby
was the same as that found in the opposum. The results of
these studies suggested that the opossum showed the least
specialisation of motor and sensory function and that
Australian marsupials have attained more specialisation by
only having partial overlap of the sensorimotor cortex.
However, the question remains as to how extensive is the
sensorimotor overlap in the wallaby. Does this marsupial
have less motor and sensory specialisation than other
Australian marsupial? Does this marsupial share many other
neurological features with the American opossum? Or, is
this marsupial similar to other Australian marsupials and
indeed does possess only partial sensorimotor overlap?
*Thylogale eugenii was used in 1934 by Iredale and Troughton 
(Ride, *62). However, the genus currently used for the 
tammar is Macropus eugenii (Strahan, '83).
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1-4 AIMS OF THIS STUDY
The aim of this anatomical study is to establish in 
the wallaby the extent of overlap in the neocortex between 
the motor and somatosensory regions, and the extent of 
specialisation of the thalamus and neocortex. In order to 
achieve this the following study was pursued.
1) The cytoarchitecture of the neocortex and thalamus 
was described to allow identification of thalamic 
nuclei, in particular VL and VB and the sensorimotor cortex.
2) Using a modern neuroanatomical tracer, VL and VB 
were injected to see the extent of their neocortical 
projections.
3) The anatomically defined sensory and motor cortical 
regions were then injected with a neuroanatomical 
tracer to see the extent of their projections to 
the thalamus, thus confirming the anatomical extent 
of neocortical sensory and motor overlap.
Other minor issues that were also looked at in this 
study were a) the extent of separation of the brainstem and 
cerebellar pathways to the thalamus, b) the cytoarchitecture 
of all neocortical regions, and c) the degree of specialisa­
tion of other sensory neocortical areas. The cytoarchitec­
ture of thalamic nuclei was examined to establish how much nuclear 
parcellation i e . specialisation, was present in the thalamus 
compared to the neocortex. These results enabled a comparison 
of the neurological similarities between the wallaby and 
eutherian mammals, as well as a comparison between the opossum, 
Australian marsupials and the wallaby.
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CHAPTER 2
MATERIALS AND METHODS
2 . 1  ANIMALS USED
The a n im a l s  used f o r  t h e  e x p e r i m e n t s  r e p o r t e d  i n  
t h i s  t h e s i s  a r e  Tammar w a l l a b i e s ,  Macroous e u g e n i i . There 
a r e  on ly  two smal l  n a t u r a l  c o l o n i e s  o f  t h e s e  w a l l a b i e s  i n  
A u s t r a l i a .  One colony i s  i n  t he  s o u t h - w e s t  r e g i o n  of 
W es t e r n  A u s t r a l i a  t h e  o t h e r  i s  on Kangaroo I s l a n d  which 
l i e s  sou th  of South  A u s t r a l i a .  Most of t h e  w a l l a b i e s  used 
fo r  t h e s e  e x p e r i m e n t s  came from Kangaroo I s l a n d .  The r e s t  
of t h e  w a l l a b i e s  came from a b r e e d i n g  co lony  a t  t he  
A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y .  These w a l l a b i e s  were  
o r i g i n a l l y  from Kangaroo I s l a n d .  The w a l l a b i e s  a r e  housed  
on campus i n  a paddock s u b d i v i d e d  i n t o  pens ,  see  F i g u r e s  
2 . 1  and 2 . 2 .  The w a l l a b i e s  f e e d  from g r a s s  n a t u r a l l y  
g rowing  i n  t h e  pens  a s  w e l l  as  cabbage  l e a v e s  and p e l l e t s .
S i n ce  Tammar w a l l a b i e s  a r e  e x p e n s i v e  a n i m a l s  t o  
use f o r  t e r m i n a l  e x p e r i m e n t s  and a r e  a l s o  p a r t  of t h e  
p r o t e c t e d  n a t i v e  f a u n a ,  t he  number o f  w a l l a b i e s  used  f o r  
t h i s  r e s e a r c h  had t o  be l i m i t e d .  Both male  and f ema le  
w a l l a b i e s  were used  f o r  the  e x p e r i m e n t s .  The w e i g h t  of t h e  
w a l l a b i e s  used f o r  t h e  e x p e r i m e n t s  r an ge d  from 2 kg t o  6 
kg.  The h e i g h t  of t he  w a l l a b y  when i t  i s  i n  a c rouched  
p o s i t i o n  i s  45 cm and when f u l l y  u p r i g h t  r e a c h e s  up t o  60 
cm. The l e n g t h  of t h e  f o r e l i m b s  i s  12 cm and h i n d l i m b s  
measu re  33 cm, see  F i g u r e s  2 . 3  and 2 . 4 .  The a l l o c a t i o n  of 
w a l l a b i e s  used  f o r  t he  e x p e r i m e n t s  i s  shown i n  Tab l e  2 . 1 .
2 . 2
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F i g s .  2 . 1  and 2 . 2 .  The p h o t o g r a p h s  show th e  w a l l a b y  p e n s  on 
the  g r o u n d s  of  t h e  U n i v e r s i t y .
F i g  2 . 1 show s p a r t of one pen w h ic h i s s u b d i v i d e d w i t h
c h i c k e n w i r e . Each pen h o u s e s 10 t o 15 w a l l a b i e  s . The
n a t u r a l l y  g r o w in g  g r a s s  i s  p a r t  of th e  w a l l a b i e s '  d i e t .  On 
t h e  l e f t  o f  th e  p h o to  i s  a s e m i - e n c l o s e d  s h e l t e r ,  th e  round  
s t r u c t u r e  on t h e  r i g h t  i s  a dam w i t h  d r i n k i n g  w a t e r .  F i g .  
2 . 2  i s  a c l o s e  up of  one of t h e  a p i c e s  of th e  t r i a n g u l a r  
p e n s .  T h i s  p h o to  shows t h e  ran ge  of  s i z e  of w a l l a b i e s .  A l l  
f o u r  w a l l a b i e s  a r e  c l a s s i f i e d  a s  a d u l t s  t h e  two s m a l l e r  
w a l l a b i e s  on t h e  r i g h t  a r e  youn g  w a l l a b i e s .  The arrow i s  
p o i n t i n g  t o  a j o e y  (a pouch y ou n g  w a l l a b y )  i n  th e  pouch o f  
i t s  m o t h e r .
2 . 3

F i g s .  2 . 3  a nd  2 . 4 .  The w a l l a b y  shown i n  b o t h  F i g s .  2 . 3  a nd  
2 . 4  i s  1 / 8  of  t h e  l i f e  s i z e .  F i g .  2 . 3  shows  t h e  much l a r g e r  
h i n d l i m b  when  c o m p a r e d  t o  t h e  f o r e l i m b ,  a r r o w e d  i n  F i g .  2 . 3  
and  2 . 4 .
2 . 4
TABLE 2 . 1  ALLOCATION OF EXPERIMENTAL ANIMALS
EXPERIMENT 
C e l l o i d i n  
T h i o n i n  f o r  N i s s l  
T h i o n i n  a n d  AChE 
T r a c i n g  s t u d i e s  
2 . 2  ANAESTHETIC
ANIMALS USED 
1 
4 
4
28
F o r  s u r g i c a l  p r o c e d u r e s  e i t h e r  s u r i t a l  o r  u r e t h a n e  
a n a e s t h e t i c s  w e r e  u s e d  w h i l e  n e m b u t a l  was  u s e d  o n l y  f o r  
p e r f  u s i o n s .
2 . 2 . 1  S u r i t a l  ( s o d i u m  t h i a m y l a l ) . A f r e s h  s o l u t i o n  
o f  4% w/v o f  s u r i t a l  was  made u p  i n  0.9% w/v s a l i n e  b e f o r e  
e a c h  o p e r a t i o n .  The a v e r a g e  d o s e  u s e d  f o r  t h e  w a l l a b y  was  
2 . 1  m l / k g  ( s e e  T a b l e  2 . 2 ) .  S u r i t a l  w a s  i n j e c t e d  
i n t r a v e n o u s l y  t h r o u g h  t h e  t a i l  v e i n .  The n e e d l e  was  l e f t  i n  
t h e  v e i n ,  a n d  t h e  s y r i n g e  w a s  t a p e d  t o  t h e  t a i l  t o  e n s u r e  
q u i c k  a d m i n i s t r a t i o n  o f  a n a e s t h e t i c  i f  n e e d e d  d u r i n g  t h e  
e x p e r i m e n t .  B o t h  w e r e  r e m o v e d  a t  t h e  e n d  o f  t h e  e x p e r i m e n t .  
A f t e r  a n  i n i t i a l  l a r g e  d o s e  o f  s u r i t a l  ( a v e r a g e  3 . 8  m i s )  
t h e  w a l l a b y  l o s t  c o n s c i o u s n e s s  v e r y  q u i c k l y  a n d  r e m a i n e d  
u n c o n s c i o u s  f o r  s e v e r a l  h o u r s .  I f  f u r t h e r  a n a e s t h e t i c  was  
n e e d e d  d u r i n g  t h e  e x p e r i m e n t ,  u s u a l l y  i n d i c a t e d  by  a 
s l i g h t  t r e m o r  o f  t h e  f o r e l i m b s  o f  t h e  w a l l a b y ,  s u r i t a l  
w as a d m i n i s t e r e d  i n  0 . 5  ml  q u a n t i t i e s .
2 . 2 . 2  U r e t h a n e  ( e t h y l  c a r b a m a t e ) .  A s o l u t i o n  o f  
20% w/ v  wa s  made up i n  0.9% w. v s a l i n e .  The  a v e r a g e  
i n t r a p e r i t o n e a l  d o s e  u s e d  f o r  t h e  w a l l a b i e s  w a s  9 . 1  m l / k g ,  
s e e  T a b l e  2 . 2 .
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TABLE 2.2 ANAESTHETIC USED FOR WALLABIES
ANIMAL WEIGHT (KG) ANAESTHETIC DOSE (ML/KG)
W 4 6.0 S 1.8
W 5 4.0 S 1.8
W 6 5.2 S 3.3
W 8 4.0 S 2.9
W 9 4.0 S 2.5
Wll 6.0 S 1.8
W12 4 .2 S 2.5
W18 2 .5 S 1.7
W19 3.2 S 2.8
W2 0 2.1 S 2.7
W21 2.0 S 2.0
W2 3 3.5 S 1.2
W31 4.5 S 1.7
W3 2 4.7 s 1.3
W2 4 3.0 u 7 .7
W2 5 5.0 u 10.0
W 26 5 .0 u 7.0
W27 5.5 u 7.3
W28 5.0 u 10.0
W2 9 4.0 u 6.8
W3 0 3 .7 u 9.7
W4 4 3.0 u 11.8
W46 3.5 u 8.6
W47 3.7 u 12.0
W4 8
S-4% SURITAL
3.5
U-20%
u
URETHANE
9.1
2.6
After an initial large injection of 13.6 ml, the wallaby 
lost consciousness very quickly. If the animal was fasted 
overnight the anaesthetic took its effect sooner. 
Additional anaesthetic was administered in 2-5 ml 
quantities as needed. After injecting urethane two 0.5 ml 
intramuscular injections of 1.2 mg of atropine were 
essential to stop excess mucus accumulating in the trachea.
2.2.3 Nembutal (sodium pentobarbitone). This 
anaesthetic was used only prior to perfusions. Independent 
of the weight of the animal, 6 ml of 60 mg/ml of nembutal 
was injected intracardially just prior to the perfusion. An 
anticoagulant, heparin (1.0 ml, strength 1000 units) was 
always mixed with the nembutal.
2.3 STEREOTAXIC MEASUREMENTS
2.3.1 Stereotaxic apparatus. A standard small 
animal stereotaxic U frame was used for the wallaby. Since 
in the wallaby the external auditory meatus curves 
rostrally, like that of the rabbit (Chatelier and Buser, 
•61), the tips of the ear bars were modified accordingly. 
These (tips of the ear bars) were bent 33 degrees down and 
35 degrees rostral with respect to the rest of the ear bar, 
Figure 2.5. The bite piece was also modified to fit the 
wallaby, see Figure 2.6.
2.3.2 Horizontal plane. For the wallaby the
horizontal basal plane was taken from the centre of the
external auditory meatus through the centre of the lacrimal 
foramen, see Figures 2.7 and 2.8. The result of the
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Fig. 2.5. The photograph shows a frontal view of the 
stereotaxic apparatus used for the wallaby. The U frame is 
a standard small animal frame, the ear bars, orbital pins 
and bite piece were designed especially for the wallaby.
Fig. 2.6. Side view of the stereotaxic apparatus. The skull 
illustrates how the head of the wallaby fitted into the 
f rame.
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a l t e r e d  p o s i t i o n  of t he  b a s a l  p l an e  was t h a t  t h e  head was 
t i l t e d  12 d e g r e e s  f u r t h e r  down from the  c o n v e n t i o n a l  
H o r s i e y - C l a r k e  h o r i z o n t a l  b a s a l  p l a ne  which i s  t h r o u g h  t he  
c e n t r e  of t h e  i n f r a o r b i t a l  ma rg in  r a t h e r  t h an  t h e  l a c r i m a l  
f o ramen.  The d e v i a t i o n  from t h e  c o n v e n t i o n a l  b a s a l  p l an e  
was p r o b a b l y  due t o  u s ing  n o n - s t a n d a r d  ea r  b a r s  and mouth 
b i t e  p i e c e .  For c o m p l e t e n es s ,  t h e  z e r o  c o o r d i n a t e  f o r  t he  
h o r i z o n t a l  p l a n e  (10 mm above t h e  b a s a l  p l an e )  was measured  
i n  one w a l l a b y .  However,  t h i s  c o o r d i n a t e  was no t  needed f o r  
t h i s  s t u d y .  P r e f e r e n c e  f o r  t h e  new p o s i t i o n  of t h e  
h o r i z o n t a l  p l ane  was based on t h e  p o s i t i o n  of a number of 
t h a l a m i c  n u c l e i .  The r e l a t i v e  p o s i t i o n  of s e v e r a l  t h a l a m i c  
n u c l e i  i n  t h e  w a l l a by  was compared t o  t h e i r  r e l a t i v e  
p o s i t i o n s  i n  t he  c a t  (Berman and J o n e s ,  ’ 82 ) ,  i n  t he  possum 
(Ha igh t  and Neylon,  ’ 7 8 a ) ,  and i n  t h e  opossum (0 swaldo-Cruz  
and Ro c ha - M i r a nd a , ' 6 8 ) .
2 . 3 . 3  F r o n t a l  and s a g i t t a l  p l a n e s .  The f r o n t a l  
( c o r o n a l )  p l a n e  was t ake n  t o  l i e  p e r p e n d i c u l a r  t o  t h e  
h o r i z o n t a l  p l a n e  a long  t h e  i n t e r a u r a l  l i n e ,  t h i s  
r e p r e s e n t e d  t h e  z e r o  f r o n t a l  p o s i t i o n ,  A-P 0 . 0 .  The 
s a g i t t a l  p l ane  was t h e n  t a k e n  t o  l i e  p e r p e n d i c u l a r  t o  t he  
f r o n t a l  p l a n e ,  a l o ng  t he  s a g i t t a l  s u t u r e ,  see F i g u r e  2 . 9 .  
Thi s  was t a k e n  t o  r e p r e s e n t  t h e  z e r o  m e d i a l - l a t e r a l  
po s i t i o  n , M-L 0 . 0 .
2 . 3 . 4  S k u l l  l andm ark s .  For t h e  w a l l ab y  t h e  on ly  
s k u l l  l andmark used  was t he  s a g i t t a l  s u t u r e .  Al though  t h e r e  
was c o n s i d e r a b l e  v a r i a t i o n  ( c a l c u l a t e d  from 4% t o  15%) i n  
t h e  p o s i t i o n  of  t h e  z e r o  s a g i t t a l  p l a n e ,  M-L 0 . 0 ,
2 .9

F i g .  2 . 7 .  L a t e r a l  v i e w  o f  t h e  w a l l a b y  s k u l l .  The
u n i n t e r r u p t e d  b l a c k  l i n e  i s  t h e  h o r i z o n t a l  b a s a l  l i n e  
a d o p t e d  f o r  t h e  w a l l a b y  i n  t h i s  s t u d y .  The d a s h e d  l i n e  i s  
t h e  t r a d i t i o n a l  H o r s l e y - C l a r k e  b a s a l  l i n e .  A l s o  s e e n  i n  t h e  
p h o t o g r a p h  i s  t h e  p r o m i n e n t  f r o n t  t e e t h  c h a r a c t e r i s t i c  o f  
t h e  d i p r o t o d o n t i d  m a r s u p i a l s  a n d  t h e  r e a r  s e t  of  t e e t h  u s e d  
f o r  c h e w i n g  a n d  g r i n d i n g  v e g e t a b l e  m a t e r i a l .  Ar row i s  
p o i n t i n g  t o  t h e  l a c r i m a l  f o r a m e n .
F i g .  2 . 8 .  C l o s e  up p h o t o g r a p h  o f  t h e  s k u l l  i n  t h e  
s t e r e o t a x i c  f r a m e ,  i l l u s t r a t i n g  t h e  h o r i z o n t a l  p o s i t i o n  
b e t w e e n  t h e  e x t e r n a l  a u d i t o r y  m e a t u s  a n d  t h e  l a c r i m a l  
f o r a m e n  ( a r r o w e d ) .
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F i g .  2 . 9 .  D o r s a l  v i e w  of  t h e  s k u l l  of  t h e  w a l l a b y .  The 
b l a c k e n e d  a r r o w  i s  p o i n t i n g  t o  t h e  s a g i t t a l  s u t u r e ,  t h e  
o p e n  a r r o w  t o  t h e  b r eg ma  s u t u r e  and  t h e  s t a r  i s  i n d i c a t i n g  
t h e  l a m b da  s u t u r e .
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n o n e t h e l e s s  i t  was a u s e f u l  i n d i c a t i o n  of  t h e  a p p ro x im a t e  
m i d l i n e  of t h e  b r a i n  f o r  e ach  w a l l a b y .  Other  s k u l l  
l an dm ark s  such  a s  lambda and bregma ( see  F ig .  2 . 9 )  were no t  
used  due t o  t h e  l a r g e  v a r i a t i o n  of t h e i r  p o s i t i o n  be tween 
w a l l a b i e s .  Large  v a r i a t i o n s  i n  s k u l l  measu rement s  f o r  t h e  
Tammar w a l l a b y  were  a l s o  r e p o r t e d  by Bakker  and War ing 
C76)  .
2 . 3 . 5  S t e r e o t a x i c  c o o r d i n a t e s .  An a t t e m p t  was made 
t o  e s t a b l i s h  s t e r e o t a x i c  c o o r d i n a t e s  f o r  t h e  w a l l a b y .  The 
major  d i f f i c u l t y  i n  e s t a b l i s h i n g  p r e c i s e  s t e r o t a x i c  
c o o r d i n a t e s  f o r  t h e  w a l l a b y  was t h e  l a r g e  v a r i a t i o n  be tween 
i n d i v i d u a l s  i n  t h e  s i z e  of t h e  b r a i n  and s k u l l ,  which d id  
no t  c o r r e l a t e  w e l l  w i t h  t he  body w e i g h t  of t h e  w a l l a b y .  
These measu re men t s  were  r e c o r d e d  bu t  c o u ld  n o t  be used a s  
r e l i a b l e  mea su remen t s  due t o  t h e  l a r g e  v a r i a b i l i t y  be tween 
w a l l a b i e s .  F u r t h e r  s i n c e  t h e  age of t h e  w a l l a b y  was n o t  
known i t  was d i f f i c u l t  t o  d e c i d e  wh e t h e r  t h e  v a r i a b i l i t y  
was due t o  age or o n t o g e n e t i c  f e a t u r e s  of  each w a l l a b y .  As 
a r e s u l t  o n ly  a p p r o x i m a t e  s t e r e o t a x i c  c o o r d i n a t e s  were 
o b t a i n e d .  N o n e t h e l e s s  t h e  e s t i m a t e s  were  u s e f u l  f o r  t h e  
t h a l a m i c  HRP i n j e c t i o n s .  To d e t e r m i n e  t he  c o o r d i n a t e s  f rom 
3 up t o  8 n e e d l e  t r a c k s  were  made,  2 mm a p a r t  a l o n g  t h e  
p a r a s a g i t t a l  p l a n e  i n  each  h e m i s p h e r e .  Seven b r a i n s  were  
s e c t i o n e d  i n  t h e  f r o n t a l  p l a n e ,  i n  one b r a i n  h a l f  was 
s e c t i o n e d  i n  t h e  h o r i z o n t a l  p l a n e  and t he  o t h e r  h a l f  i n  t he  
s a g i t t a l  p l a n e .
2 . 3 . 6  S u r g i c a l  p r o c e d u r e .  Al l  w a l l a b i e s  were  
de ep l y  a n a e s t h e t i s e d ,  p e r f u s e d  ( see  2 . 3 . 7  f o r  d e t a i l s )  and
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Fig. 2.10. This photograph shows the head of an 
anaesthetised wallaby immobilised in the stereotaxic frame. 
Note, the well developped vibrissae around the nose region.
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the head immobilised in the stereotaxic frame, see Figure 
2.10. The skull was exposed and points marked on it at 
predetermined A-P and M-L distances. Holes were drilled at 
these points and a 20 gauge needle was inserted into them 
perpendicular to the brain surface. Only one animal was not 
perfused prior to inserting the needle markers. This 
wallaby was anaesthetised before placing its head in the 
stereotaxic frame. The procedure for inserting the needle 
markers was the same as that described above, afterwards 
the wallaby was removed from the frame and perfused. Since 
the staining quality of the brain sections was poor, it was 
decided that further wallabies be perfused prior to the 
insertion of the needle markers.
2.3.7 Histological procedure. The wallaby was 
deeply anaesthetised with Nembutal prior to the perfusion. 
After the dose of anaesthetic the heart stopped beating 
momentarily. Quickly, the rib cage was opened, the 
pericardium was removed and a 12 gauge perfusion needle was 
inserted via the left ventricle into the aorta. The 0.9% 
saline perfusant was started and the right atrium was cut. 
By this time (less than 2 min) the heart had started 
beating again. The brief period the heart stopped beating 
had no apparent effect on the perfusion quality. The 
perfusion began with 2 litres of 0.9% saline followed by 2 
litres of 4% formaldehyde solution. In some animals this 
was followed by 1 litre of 10% sucrose in 4% formaldehyde 
solution. All solutions were allowed to flow at a rate such 
that, each solution usually took approximately 30 min to
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f low t h r ou gh  t h e  w a l l a b y .  A f t e r  t h e  p e r f u s i o n ,  where 
a p p l i c a b l e ,  im p l a n t e d  n e e d l e s  were  removed c a r e f u l l y  from 
t h e  b r a i n ,  or t h e  head was p l a c e d  i n  t h e  s t e r e o t a x i c  f rame 
f o r  i n s e r t i n g  n e e d l e  m a r k e r s .  The b r a i n s  were b l o ck e d  i n  
t h e  f r o n t a l  p l a n e ,  removed from t h e  s k u l l  and p l a c e d  i n  a 
30% s u c r o s e  i n  4% fo rmaldehyde  s o l u t i o n  a t  4°C up t o  5 
days .  B e f o r e  t he  b r a i n  was s e c t i o n e d  t h e  l e p t o m e n i n g e s  were  
a lw ay s  removed,  bu t  c a r e  was t a k e n  n o t  t o  damage t h e  
s u r f a c e  of t he  b r a i n .
The b r a i n  was s e c t i o n e d  a t  40 jum on a f r e e z i n g  
microtome (T e t r a n d e r )  i n  e i t h e r  f r o n t a l ,  s a g i t t a l  or 
h o r i z o n t a l  p l a n e s .  The s e c t i o n s  were  c o l l e c t e d  i n  0.9% 
s a l i n e  and mounted on c h r o m e - g e l a t i n i s e d  s l i d e s  from a 0.5% 
g e l a t i n  s o l u t i o n  i n  4 t o  6 c o n s e c u t i v e  s e r i e s .  The s e c t i o n s  
were  a i r  d r i e d ,  d e f a t t e d  and s t a i n e d  w i t h  0.1% t h i o n i n  a t  
pH 3 . 7 .  S e c t i o n s  were  drawn u s i n g  a Bausch-Lomb p r o j e c t o r .  
Low power p h o t o m i c ro g r a p h s  were  t a k e n  w i t h  e i t h e r  a Wild 
Photomakroskop or  a L e i ca  camera mounted w i t h  bellows. For 
h i g h e r  power m ic r o p h o to g r a p h y ,  e i t h e r  a L e i t z  O r t h o p l a n  or 
an O r t h o l u x  I I  were  u sed .  For N i s s l  m ic ro p h o t o g ra p hy  a 
Kodak g l a s s  77A f i l t e r  was used  w i t h  Kodak T e c h n i c a l  Pan 
f  i lm.
In s e v e r a l  w a l l a b i e s  10% forma ldehyde  s o l u t i o n  was 
used  i n s t e a d  of t h e  4% s o l u t i o n .  The h i g h e r  c o n c e n t r a t i o n  
o f  f i x a t i v e  r e s u l t e d  i n  b e t t e r  q u a l i t y  c e l l  s t a i n i n g  hence  
t he  s e c t i o n s  from t h e s e  b r a i n s  were used  f o r  ph o to g ra p h y .
2 . 1 5
2 . 3 . 8  S h r in ka ge .  For t h e  fo rmaldehyde  (no s u c r o s e )  
p e r f u s e d  b r a i n s  t he  amount of s h r i n k a g e  was 12%. T h i s  was 
c a l c u l a t e d  by u s i n g  t h e  f o l l o w i n g  f o r m u la :
B -  A
S = ----------------  x 100%
B
where  S i s  t h e  amount of  s h r i n k a g e ,  B t h e  dep th  of  t h e
n e e d l e  t r a c k  b e f o r e  p e r f u s i o n  and A t h e  measurement  of  t h e  
n e e d l e  t r a c k  a f t e r  p e r f u s i o n  and h i s t o l o g i c a l  p r o c e s s i n g  
However ,  s i n c e  t h e r e  were  a number of  v a r i a t i o n s  i n  
p e r f u s i o n  p r o c e d u r e s  and n e e d l e  t r a c k s  co u ld  n o t  a lw ays  be 
made t o  e s t a b l i s h  t he  s h r i n k a g e  f o r  each b r a i n ,  t he  
s h r i n k a g e  f a c t o r  was n o t  t a k e n  i n t o  a cc o u n t  i n  t h e  s c a l e  of 
t h e  m ic r o p h o t o g r a p h s  of  t he  b r a i n  s e c t i o n s  shown i n  t h i s  
t h e s i s .  A l so ,  s i n c e  t h e  s t e r e o t a x i c  c o o r d i n a t e s  a r e
a p p r o x i m a t e  v a l u e s  o n l y ,  t h e r e  was no j u s t i f i c a t i o n  i n
a p p l y i n g  t h e  s h r i n k a g e  f a c t o r .
2 . 4  HORSERADISH PEROXIDASE (HRP)
2 . 4 . 1  Su rg e ry .  Al l  s u r g i c a l  p r o c e d u r e s  were
c a r r i e d  o u t  under  c l e a n  a s e p t i c  c o n d i t i o n s .  A l i s t  of 
w a l l a b i e s  used f o r  t h a l a m i c  and c o r t i c a l  i n j e c t i o n s  i s  
shown i n  Tab l e  2 . 3 :
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TABLE 2.3 ALLOCATION OF WALLABIES FOR HRP EXPERIMENTS
INJECTION SITE WALLABIES USED
both thalami 16
one thalamus 1
both cortices 7
one cortex 1
thalamus / cortex 3
In most wallabies both thalami were injected, in others 
both cortices, and in 3 wallabies one side of the brain 
received a thalamic injection while on the other side the 
injection was made into the cortex. The wallabies were 
anaesthetised as described in section 2.2 with either 
surital or urethane. After the head of the wallaby was 
immobilised in the stereotaxic frame, the skull was 
exposed, and marks made on it indicating the position of 
the injection. Holes 2 to 3 mm in diameter were drilled in 
the skull and the dura was removed. The hole was covered 
with a saline swab up to the time of the injection. After 
the injection holes made in the skull were sealed with wax, 
cut muscle was sewn back and the incised skin was clipped 
together. The wallaby was removed from the frame and 
allowed to recover in a warm place under constant 
supervision. The average survival time for wallabies that 
underwent thalamic injections was 32 h, while cortically 
injected wallabies survived for an average of 28.3 h.
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2.4.2 Types of HRP used. Three types of HRP were
used either alone or in combination of two or three. The 
three types were
1) Boehringer Mannheim HRP Type I (lyophilised) : 
(HRP-Type I)
2) Wheat germ agglutinin labelled with horseradish
peroxidase Type VI from Sigma : (HRP-WGA)
3) HRP Type VI (Sigma) : (HPR-Type VI).
All HRP solutions were made up in sterile saline.
2.4.3 Thalamic injections. The injected solution
contained either 30% of HRP-Type I or 5% of a 1:1 mixture 
of HRP-WGA and HRP-Type I. The volume injected varied from 
90 nl to 100 nl. All HRP injections were made using a 
0.5 jjl syringe (SGE, Australia) fitted with a 25 gauge
needle. The plunger was depressed by hand, with injections 
being made gradually over a 30 minute period. Slow 
injections caused less damage and less spread of HRP in the 
thalamus. Some problems with backflow were encountered, but 
the amount of HRP solution left behind in the needle track
was not apparently influenced by the speed with which the 
needle was removed.
The area covered by the thalamic injections was 
4.0 mm anterior to posterior and 4.0 mm medial to lateral.
The depth of the injections was from 
14 mm to 17 mm. Stereotaxic coordinates and results of 
previous injections were used as a guide to the location of
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Fig. 2.11. The diagram shows the distribution of the 
cortical injections. The bar equals 5 mm.
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the thalamic nuclei. Most of the thalamic injections were 
in the ventral posteromedial, ventral posterolateral and 
ventrolateral nuclei.
2.4.4 Cortical injections. The injected solution 
contained either 30% of HRP-Type I or 10% of a 1:1:1 
mixture of all three types of HRP. The volume injected 
varied from 100 nl to 200 nl. For some injections a 
Narishige micromanipulator instead of the stereotaxic 
needle holder, was used to hold the syringe so that the 
needle was always inserted perpendicular to the cortical 
surface.
The distribution of cortical injections is shown 
in Figure 2.11. The location of the cortical injections was 
determined by comparing the head of the wallaby in the 
stereotaxic frame with a similar sized skull and a 
formaldehyde fixed brain, also taking account of the 
location of previous injections. This method proved to be 
very accurate for locating a predetermined cortical region 
that needed to be injected. The depth of the cortical 
injection varied from 1.5 mm to 2.5 mm, all injections 
being perpendicular to the cortical surface. Most 
injections were made into the parietal region of the 
neocortex.
2.4.5 Perfusion procedure for HRP. The perfusion 
technique was the same as that described in section 2.3.7. 
However, the perfusant solutions differed. The 0.9% saline 
solution was warmed to 27°C while the 2.5% glutaraldehyde 
was kept at 4°C until it was required for perfusion. The
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25% gluteraldehyde was diluted to 2.5% with 0.1 M phosphate 
buffer at pH 7.2. In 4 wallabies a 2% formaldehyde solution 
was included with the glutaraldehyde , however since the 
formaldehyde did not appear to have any beneficial or 
adverse affect it was not used for further wallabies. The 
perfusant solution for HRP consisted of 2 litres of warm 
0.9% saline followed by 2 litres of 2.5% glutaraldehyde 
solution then 1 litre of 15% sucrose in 2.5% glutaraldehyde 
solution. After the perfusion the brain was blocked in the 
frontal plane, removed from the skull and placed in 30% 
sucrose in 2.5% glutaraldehyde solution at 4°C for 1 or 2 
days.
2.4.6 HRP histochemistry. Except for the olfactory
bulbs which were not sectioned for any of the brains
injected with HRP, the rest of the brain was cut in frontal
sections at 50 urn on a freezing microtome. In a number of
wallabies the cerebellum and brainstem were cut in
horizontal sections. The sections were collected in cold
0.05 M phosphate buffer at pH 7.2 and 3-4 series were
*reacted with TMB following the Mesulam TMB procedure (’78),
see Appendix I for details. The sections were mounted on
gelatinised slides from a 0.5% gelatin collecting solution
at pH 3.3. One series of sections was not reacted for HRP
but counterstained for Nissl. Alternate HRP reacted series
of sections were counter stained in 0.1% thionin at pH 3.7.
Sections reacted with HRP but not counterstained for Nissl
were dehydrated and coversiipped.
* TMB - Tetramethylbenzidine
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2.5 AUTORADIOGRAPHY
2.5.1 Isotopes used. Two tritiated isotopes were 
used either alone or in combination of the two. These were:
1) L-[2,3,4,5-^H] proline s.a. 101 or 117 Ci/mmol
2) L-[4f5-^H] leucine s.a. 187 Ci/mmol
both isotopes were from Amersham. The volume of isotope 
taken varied from 100 pi to 150 jul of 3^ proline or 200 jul 
to 400 ;ul of a 1:1 mixture of 3^ proline and 3^ leucine. 
The isotope was reduced to near dryness with a blow dryer 
and resuspended in 4 ,ul to 50 ^1 of sterile saline. An 
average of approximately 4.4 jjCi/0.1 ul was injected. In 
cases where a combined isotope and HRP injection was made, 
the HRP was dissolved in the radioactive solution after it 
had been resuspended in sterile saline.
2.5.2 Histological procedure. All injections of 
tritiated amino acids were made in combination with the HRP 
solution. Since the tritiated amino acids were injected 
only to check how well the HRP orthograde label 
corresponded to the tritiated amino acid label preference 
was given to using glutaraldehyde for the perfusion 
solution rather than formaldehyde in a mixture or alone. 
Therefore, wallabies injected with tritiated amino acids 
were perfused as described previously (see 2.4.5). The (non 
HRP reacted) sections were mounted on chromed gelatinised 
slides from a 0.5% gelatin solution in 0.1 M phosphate 
buffer solution at pH 7.2. The sections were air dried then 
defatted. Following Rogers' ('79) procedure for
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a u t o r a d i o g r a p h y  t h e  s l i d e s  were  d i pp ed  i n  Kodak NTB2 
e mu l s i on ,  which  was d i l u t e d  1 :1  w i t h  d i s t i l l e d  wa t e r  p l u s  2 
d r op s  o f  g l y c e r o l .  The t e m p e r a t u r e  of  t h e  em u l s ion  d u r i n g  
d i p p i n g  was 39°C. The e mu l s i on  c o a t e d  s l i d e s  were  l e f t  on 
t he  bench ,  i n  t he  dark  t o  a i r  d r y .  When t he  s l i d e s  were  d ry  
( a f t e r  16-24 h) one of t h e  c o n t r o l s  was exposed  t o  t h e  
l i g h t .  The s l i d e s  were  p l a c e d  i n  a l i g h t  t i g h t  box w i t h  a 
bag of s i l i c a  ge l  and p l a c e d  i n  a c o l d  room a t  4°C f o r  4-7 
weeks .  A f t e r  t h e  e x p o s u r e  p e r i o d  t h e  s l i d e  box was removed 
from the  c o l d  room and l e f t  f o r  an hour  a t  room t e m p e r a t u r e  
b e f o r e  t h e  box was opened .  The s l i d e s  were  de ve lo pe d  i n  a 
1:1 m ix t u r e  of Kodak D19 and d i s t i l l e d  w a t e r ,  s t o p p e d ,  
f i x e d  and washed a t  20°C. A l t e r n a t e  s l i d e s  were  l i g h t l y  
c o u n t e r  s t a i n e d  w i t h  0.1% t h i o n i n .
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CHAPTER 3
THE CYTOARCHITECTURE OF THE DORSAL THALAMUS OF THE 
TAMMAR WALLABY, MACROPUS EU G EN II
3.1 INTRODUCTION
The thalamus of the North American opossum 
Didelphis virginiana a polyprotodontid metatherian mammal 
exhibits some primitive neurological features, such as the 
poor differentiation of thalamic nuclei, when compared to that 
of eutherian mammals (reviewed by Johnson '77). The dorsal 
thalamus of both the Australian native cat (Dasvurus 
viverrinus) , a polyprotodontid metatherian mammal like the 
American opossum and the Australian possum (Trichosurus 
vulpecula) a diprotodontid metatherian mammal, retain a 
number of primitive thalamic neurological features in 
common with the American opossum such as the lack of centre 
median nucleus (Goldby, '41 Haight and Neylon '78 Haight 
and Neylon, ’81). Nonetheless these studies have also shown 
that the Australian native cat and the Australian possum 
are more closely related neurologically to each other than 
to the American opossum, and further, that the native cat 
and particularly the possum exhibit a number of advanced 
neurological features, resembling the features of eutherian 
mammals, when compared to the opossum (Haight and Neylon, 
'78; Haight and Neylon, '81). Thus, it has been suggested 
that Australian marsupials possess more specialised
neurological features than the American marsupials "the 
dorsal thalamus of Trichosurus presents a level of 
organisational complexity considerably in advance of that 
seen in Didelphis" (Haight and Neylon, '78a) irrespective 
of their metatherian radiation "overall the two Australian
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forms (Dasvurus and Trichosurus) resemble each other more 
closely than either resembles the American form" (Haight 
and Neylon, ' 81a).
The genus Macropus has been shown to be among one 
of the genus generally exhibiting the greatest degree of 
divergence (based on serological, karyological, 
morphological and palaeontological data) from primitive 
features characteristic of the family Didelphidae (Kirsch, 
'll). The members of the genus Macropus are generally 
believed to be more evolutionarily advanced than other 
Australian marsupials. They have acquired specialised 
facial bone, teeth and stomach structures which have helped 
to make them the most successful grazing marsupial mammal, 
which indicates a significantly advanced evolutionary trend 
(Tyndale-Biscoe, '73; Flannery, '84). Hence, it was of
interest to see whether their neurological features would 
also indicate an advanced evolutionary trend. To date there 
is no general cytoarchitectonic description of the dorsal 
thalamus of any Macropus species. Only two limited studies 
have been published. Livini ('08) briefly described the 
dorsal thalamus of the bettong (Hypsiprimnus rufescens),* a 
member of the family Macropodidae but not belonging to the 
genus Macropus (Kirsch and Calaby, '77), and Sanderson et
al. ('84) described in some detail the dorsal lateral
geniculate nucleus in a comparative study of five
macropodid metatherian mammals.
* The genus of this species is now known as
Aepyprimnus rufescens. (Kirsch and Calaby, 'll).
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This  c h a p t e r  d e s c r i b e s  i n  d e t a i l  t h e  
c y t o a r c h i t e c t u r e  of t he  d o r s a l  t h a l am u s  of t h e  Tammar 
w a l l a b y ,  Macropus e u g e n i i . The aim of t h i s  s t udy  i s  t o  see 
t o  what  e x t e n t  t h i s  member of t he  genus  Macropus s h a r e s  any 
n e u r o l o g i c a l  f e a t u r e s  w i t h  t h e  American opossum, or w i th  
o t h e r  A u s t r a l i a n  m a r s u p i a l s ,  o r ,  i n  c o n t r a s t  whe ther  t h e  
n e u r o l o g i c a l  f e a t u r e s  of a Macropus s p e c i e s  r e s emb le  more 
c l o s e l y  t hose  of e u t h e r i a n  mammals.  The d e s c r i p t i o n  of t h e  
cy t o a  r c h i t e c t u r  e of t h e  d o r s a l  t ha l amu s  has  been used i n  
f u r t h e r  s t u d i e s  t o  d e t e r m i n e  c o r t i c o t h a l a m i c  r e l a t i o n s  
u s i n g  h o r s e r a d i s h  p e r o x i d a s e  and t r i t i a t e d  amino a c i d s  as 
n e u r o l o g i c a l  t r a c e r s .
3 . 2  MATERIALS AND METHODS
A t o t a l  of s even  Tammar w a l l a b i e s  (Macropus 
e u g e n i i ) were used  f o r  t h i s  s t u d y .  F ive  w a l l a b i e s  were  
a n a e s t h e t i s e d  and p l a c e d  i n  a s t e r e o t a x i c  head h o l d e r .  The 
head  was t i l t e d  12° f u r t h e r  down t h a n  t h e  s t a n d a r d  
H o r s l e y - C l a r k e  p l a n e  and n e e d l e  t r a c k s  were made i n t o  t he  
b r a i n .  Al l  w a l l a b i e s  were d e ep ly  a n a e s t h e t i s e d  and p e r f u s e d  
w i t h  2 l i t r e s  o f  0.9% s a l i n e ,  f o l l o w e d  by e i t h e r  2 l i t r e s  
of  4% o r  10% fo rma ldehyde  s o l u t i o n .  I n  some w a l l a b i e s  t h i s  
was f o l l o w e d  by 1 l i t r e  o f  10% s u c r o s e  i n  e i t h e r  4% or  10% 
fo r m a ld ehy de .  The b r a i n  was b l oc k ed  i n  t h e  f r o n t a l  p l a n e ,  
removed from the  s k u l l  and p l a c e d  i n  30% s u c r o s e
fo rm a ldehy de  s o l u t i o n  ( e i t h e r  4% o r  10% t o  match t h e  
p e r f u s a n t  c o n c e n t r a t i o n ) .  The b r a i n  was c u t  i n  f r o z e n  
s e c t i o n s  a t  40 iim in  e i t h e r  f r o n t a l ,  s a g i t t a l  or h o r i z o n t a l
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planes. The sections were collected in 1% formol saline, 
mounted on chrome-gelatinised slides and left to air dry. 
Sections were stained with 0.1% thionin at pH 3.7. The 
shrinkage factor varied from 10% to 15%. In the caudal 
region of the brain there was less shrinkage than in the 
rostral region. Several series from two brains were also 
procesed for acetylcholinesterase staining. These brains 
were from animals perfused with 10% formaldehyde solution.
Photomicrographs of frontal sections shown in this 
report were taken with a Leica camera mounted with bellows. 
3.3 RESULTS
The description of the thalamic nuclei is from 
anterior to posterior within the thalamus when viewed in 
frontal (coronal) sections. The description of each 
thalamic nucleus begins at its most anterior region, 
referred to as appearance, within the thalamus, and ends at 
its most caudal region i.e. its disappearance. The 
appearance and disappearance of each thalamic nucleus is 
relative to the 2 dimensional structure as seen from the 
section on the slide. This is also represented in the 
photomicrographs. These begin at the most anterior pole of 
the thalamus and end at the most caudal region of the 
thalamus.
The organisation of the thalamic nuclei of the 
wallaby is complicated yet the nuclei are well demarcated, 
resembling closely in appearance to the thalamic nuclei of 
carnivores, rather than to the lesser differentiated and 
simpler thalamic plan of the opossum. For this reason the
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terminology of the nuclei follow that of Berman and Jones 
('82) for the cat, for apparent homologous structures. The 
cat thalamic nomenclature was well suited for the
description of the thalamic nuclei of the wallaby.
3.3.1 Anterior Nuclei. The anterior nuclei consist 
of four components, the interanterodorsal, IAD;
anterodorsal, AD; anteromedial, AM; and anteroventral, AV, 
nuclei.
Interanterodorsal nucleus (Fig. 3.0; Fig. 3.3 to Fig. 3.6)
This nucleus covers the least anteroposterior 
distance of the four nuclei and at times its boundaries are 
difficult to distinguish from the cytoarchitectonic
features. At its dorsal extreme it begins as a short strip 
of cells just ventral to the lateral part of the
anterodorsal nucleus, then quickly extends medioventrally 
to join with its contralateral counterpart, forming a 
ventrally concave strip-shaped nucleus across the midline. 
Dorsally it is bounded by the lateral anterodorsal, 
parataenial, PT, and paraventricular, PV nuclei from 
lateral to medial, while ventrally it is bounded by both 
the anteroventral and anteromedial nuclei. The fusion 
across the midline of the interanterodorsal nucleus is 
intercalated between the paraventricular nucleus, PV, dorsally, 
and ventrally the midline fusion of the ipsilateral and 
contralateral parts of the anteromedial nucleus. The fusion
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of the interanterodorsal nucleus is quickly separated by 
the appearance of the central medial nucleus, CMN. As the 
mediodorsal nucleus appears, the interanterodorsal nucleus 
is displaced ventrally where it becomes conterminous with 
the receding anteromedial nucleus. As the boundaries of the 
two nuclei become indistinct, they disappear, as the 
paracentral nucleus, PC appears. The interanterodorsal 
nucleus is characterised by small, deeply staining, 
elongated cells that are closely packed.
Anterodorsal nucleus (Fig. 3.0; Fig. 3.5 to Fig. 3.13)
This nucleus extends over the greatest 
anteroposterior distance of the four anterior nuclei, and 
appears to be divided cytoarchitectonically into two parts, 
lateral and medial. The lateral part appears first, as a 
long slender group of cells coursing ventromedially. It is 
bordered dorsomedially by the medullary stria, ms, and 
ventrally by the anteroventral and anteromedial nuclei. 
Most rostrally the lateral part is contiguous with the 
interanterodorsal nucleus. As the medial portion appears it 
merges into the lateral portion forming an overall 
triangular nucleus. The whole nucleus is bordered dorsally 
by the stratum zonale, medially by the medullary stria, ms, 
ventrally by the mediodorsal nucleus, MD, and laterally by 
the anteroventral nucleus. As the lateral portion of the 
anterodorsal nucleus recedes, the medial portion enlarges 
laterally and dorsally such that its dorsal area bulges
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into the third ventricle, also making the nucleus oval in 
shape. As the medial portion of the anterodorsal nucleus 
recedes it is surrounded except on its dorsal surface by 
the lateral dorsal nucleus, LD, and more posteriorly by the 
lateral posterior nucleus, LP. The cells in both medial and 
lateral areas of the anterodorsal nucleus are deeply 
staining. Those in the medial area are medium sized, both 
round and multiangular, and densely packed, while those of 
the lateral region appear smaller, fusiform in shape and 
not as densely packed.
Anteromedial nucleus (Fig. 3.0; Fig. 3.2 to Fig. 3.6)
The nucleus first appears at the most anterior 
pole of the dorsal thalamus, it is the second largest 
nucleus in area of the anterior nuclei however it is not as
extensive from anterior to posterior as either the
anteroventral or the anterodorsal nuclei. The nucleus is
rectangular shaped, si ants medioventrally, similar to the
anteromedial nucleus of the cat (Berman and Jones, ' 82) . At
its rostral beginning it is bordered dorsally by the
interanterodor sal nucleus r dorsolaterally by the
anteroventral nucleus and ventrally by the mammillothalamic 
tract, mt. About midway along its anteroposterior extent 
the anteromedial nucleus fuses in the centre with its 
contralateral counterpart. This fusion at the midline 
continues up to the point where the nucleus disappears 
which coincides with the appearance of the medial part of
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the anterodorsal nucleus. The cell bodies for most part of 
the nucleus are large, round, moderately staining and 
loosely packed. In the central region where the fusion of 
the ipsilateral and contralateral parts occurs, the cells 
are elongated. Just prior to the disappearance of the 
nucleus, the cells throughout are elongated and smaller 
than those of the rostral region.
Anteroventral nucleus (Fig. 3.0; Fig. 3.2 to Fig. 3.10)
This nucleus is the largest of the anterior nuclei 
group and is nearly as extensive as the anterodorsal 
nucleus. It is bounded dorsally throughout its
anteroposterior extent by the stratum zonale, and laterally 
by the reticular nucleus, RE, and medially by the 
interanterodorsal nucleus, and then by the anterodorsal 
nucleus. Medioventrally it is bounded by the anteromedial 
nucleus which is replaced by the mediodorsal nucleus, MD, 
and ventrally it is bounded firstly by the mammillothalamic 
tract, mt, then the central lateral nucleus, CL, and 
finally the lateral dorsal nucleus, LD. Throughout its 
anteroposterior extent this nucleus is well demarcated
medially to ventrolaterally by a thin band of fibres. 
Midway along the anteroposterior extent, the anteroventral 
nucleus forms a small dorsally convexed bulge adjacent to
the ventricular surface, which remains until the nucleus
disappears. Just posterior to the beginning of the dorsal 
bulge, the anteroventral nucleus begins to recede dorsally,
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t h u s  c ed i n g  p l a c e  v e n t r a l l y  t o  t h e  l a t e r a l  n u c l e i .  The l a s t  
t r a c e s  of t he  a n t e r o v e n t r a l  n u c l e u s  a r e  found d o r s a l  t o  t h e  
l a t e r a l  n u c l e i .  In t h e  a n t e r i o r  h a l f  of i t s  e x t e n t ,  t h e  
c e l l  b o d i e s  a r e  s m a l l ,  d eep ly  s t a i n i n g ,  l o o s e l y  packed  and 
v a ry  i n  shape from round t o  m u l t i a n g u l a r .  In  t h e  p o s t e r i o r  
h a l f  t h e  c e l l s  a r e  c l o s e r  packed  and a pp ea r  l a r g e r  i n  s i z e .
3 . 3 . 2  Mid l i ne  N u c l e i .  There  a r e  f ou r  components  
making up t h e  m id l i n e  n u c l e i .  The m e d i o v e n t r a l  n u c l e u s ,  MV; 
t h e  rhomboid n u c l e u s ,  RH; t h e  p a r a v e n t r i c u l a r  n u c l e u s ,  FV 
and t he  p a r a t a e n i a l  n u c l e u s ,  PT.
M e d i o v e n t r a l  nu c l e us  (Fig .  3 . 0 ;  F ig .  3 . 1  t o  Fig .  3 . 5 )
The m e d i o v e n t r a l  n u c l e u s  f i r s t  a p p e a r s  i n  t h e  most  
a n t e r i o r  po l e  of t he  t ha l amu s  as  a group of c e l l s  on e i t h e r  
s i d e  of t h e  v e n t r a l ,  c e n t r a l  r e g i o n  of t h e  r o s t r a l ,  d o r s a l  
t h a l a m u s .  The two g r oups  of c e l l s  q u i c k l y  j o i n  a t  t he  
m i d l i n e  forming  a V shaped n u c l e u s ,  d o r s a l l y  bounded by t h e  
rhomboid n u c l e u s  and v e n t r a l l y  bounded by t h e  ependymal 
c e l l  l a y e r  of t h e  t h i r d  v e n t r i c l e .  In t he  cauda l  r e g i o n  of  
t h e  m e d i o v e n t r a l  nu c l e us  t h e  m i d l i n e  f u s i o n  i s  s e p a r a t e d  by 
t h e  rhomboid n u c l e u s .  Both n u c l e i  g r a d u a l l y  merge and a r e  
e v e n t u a l l y  r e p l a c e d  by t h e  c e l l s  of  t h e  v e n t r o m e d i a l  
n u c l e u s ,  VM. The c e l l s  of MV a r e  s m a l l ,  somewhat e l o n g a t e d ,  
d e ep ly  s t a i n i n g  and c l o s e l y  packed .
Rhomboid n u c l e u s  (F ig .  3 . 0 ;  F i g .  3 . 1  to F i g .  3 . 6 )
The rhomboid n u c l e u s ,  l i k e  t h e  m e d i o v e n t r a l  
n u c l e u s ,  f i r s t  a p p e a r s  as a column of c e l l s  on both s i d e s  
of  t h e  c e n t r a l  r e g i o n  of t h e  r o s t r a l ,  d o r s a l  t ha l a m u s ,
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dorsal to the medioventral nucleus. As the two columns of
cells join at the midline, the nucleus forms into a 
rhomboid shape. At the midline the nucleus is bordered 
dorsally by the paraventricular nucleus and ventrally by 
the medioventral nucleus. As the bilateral components both 
the interanterodor sal, IAD, and anteromedial, AM, fuse at 
the midline, the rhomboid nucleus is pushed ventrally, 
where it is bordered dorsally by the anteromedial nucleus, 
AM. In this ventral region the nucleus slowly separates the 
medioventral nucleus from the midline as it moves ventrally 
and gradually merges with it until both nuclei disappear, 
as the ventromedial nucleus, VM, appears. The cells of the 
rhomboid nucleus are large, round, moderately staining and 
of medium packing density.
Paraventricular nucleus (Fig. 3.0; Fig. 3.1 to Fig. 3.10)
Anteriorly, as the two thalami join, the 
paraventricular nucleus appears as a group of cells 
dorsally placed on either side of the midline of the 
thalamus, capping the rhomboid nucleus. Just posterior to 
its first appearance the two groups of cells join at the 
midline dorsally, following the contour of the third 
ventricle. Thus, dorsomedially and centrally the
paraventricular nucleus is bordered by the ependymal cells 
lining the third ventricle and dorsolaterally it is 
bordered by the medullary stria, ms. There are two
cytoarchitectonic regions to this nucleus, a lateral region
3.11
where the cells are small, multiangular to elongated, 
deeply staining and densely packed, and a medial-central 
region where the cells are paler and more loosely packed. 
As the rhomboid nucleus is displaced ventrally by the 
midline fusion of the interanterodor sal nucleus, I AD, and 
the anteromedial nucleus, AM, the paraventricular nucleus 
expands ventrally. Laterally it is then bordered by the 
parataenial nucleus. When the lateral region of both the 
interanterodorsal and anteromedial nuclei are replaced by 
the mediodorsal, MD, and paracentral, PC, nuclei, the pale 
staining central region of the paraventricular nucleus 
disappears. It is replaced by the lateral region of the 
nucleus where cells stain darker, and which joins in the 
centre with its opposite counterpart. Midway, ventrally, 
along this centre area, the cells of the paraventricular 
nucleus merge with the cells of the central medial nucleus, 
CMN. The border between the two nuclei is in parts, 
cytoarchitectonically indistinguishable. As the
paraventricular nucleus recedes it leaves behind a 
longitudinal band of deeply staining cells along the centre 
of the thalamus. Immediately after the disappearance of all 
cells of the paraventricular nucleus the lateral habenular 
nucleus, HL, appears.
Parataenial nucleus (Fig. 3.0; Fig. 3.3 to Fig. 3.6)
The parataenial nucleus first appears deeply 
buried within the medullary stria, ms, lateral to the 
paraventricular nucleus. As the nucleus extends, it becomes
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intercalated between the paraventricular nucleus and the 
interanterodorsal nucleus, IAD. Possibly, the parataenial 
nucleus even extends so far medially towards the centre of 
the thalamus as to join with its opposite at the midline. 
The nucleus then disappears, ceding place to the
mediodorsal nucleus, MD. The parataenial nucleus contains 
two cell group populations, a lateral region of medium 
sized angular, moderately to deeply staining, cells of 
moderate density, and a central region of very pale 
staining, closer packed cells.
3.3.3 Rostral Intralaminar Nuclei. The rostral 
intralaminar nuclei consist of the central medial nucleus, 
CMN; the paracentral nucleus, PC, and the central lateral 
nucleus, CL.
Central medial nucleus (Fig. 3.0; Fig. 3.6 to Fig. 3.11)
The central medial nucleus appears in the central 
region after the disappearance of the midline fusion of 
both the interanterodorsal, IAD and anteromedial, AM 
nuclei. It begins as a square nucleus, but quickly changes 
into a triangular nucleus, linking the ipsilateral and 
contralateral paracentral nuclei from its basal region. The 
apical region in parts is difficult to distinguish
cytoarchitectonically from the ventral region of the 
paraventricular nucleus, PV. The disappearance of the 
paraventricular nucleus, PV, is coincident with the
disappearance of the apical region of the central medial
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nucleus. The basal region while becoming ventrally concave 
in shape, begins to move away laterally from the midline of 
the thalamus. Shortly afterwards, it too disappears. 
However, both the paracentral and central lateral nuclei 
are still present. The cells of the central medial nucleus 
are medium sized, round to slightly elongated and deeply 
staining.
Paracentral nucleus (Fig. 3.0; Fig. 3.5 to Fig. 3.13)
The paracentral nucleus appears as both the 
interanterodorsal, I AD, and anteromedial nuclei, AM 
completely disappear. The paracentral nucleus lies across 
the dorsal thalamus almost at right angles with the midline 
of the thalamus. The nucleus extends from the central 
medial nucleus, forming a lateral wing which follows the 
dorsal contour of the internal medullary lamina, reaching 
laterally up to the central lateral nucleus. Throughout its 
entire anteroposterior extent the nucleus is interposed 
between the mediodorsal nucleus; MD, dorsally, and the 
internal medullary lamina ventrally, while medially it is 
always contiguous with the central lateral nucleus. The 
cells are moderately to deeply staining, medium sized, 
elongated and arranged in layers. The width of the nucleus 
is up to ten cells in width. In the rostral half of the 
anteroposterior extent of the paracentral nucleus, the 
internal medullary lamina separates it ventrally, firstly 
from the ventral anterior nucleus, VA, then from the 
ventrolateral nucleus, VL, and finally by the posterior
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n u c l e u s ,  PO, in  t h e  cauda l  h a l f  of t h e  n u c l e u s .  The nu c l e us  
i n  t he  cauda l  r e g i o n  c o n t a i n s  r ound ,  deep ly  s t a i n i n g  c e l l s .  
The a n g l e  between t h e  m i d l i n e  of t h e  t ha l am us  and t h e  
p a r a c e n t r a l  n u c l e u s  becomes a c u t e  as  t he  n u c l e u s  which l i e s  
i n  an a lm os t  h o r i z o n t a l  p l a n e  moves somewhat t owards  a 
v e r t i c a l  p l a n e .  A l though t h e  p a r a c e n t r a l  n u c l e u s  i s  no 
l o n g e r  b o r d e r e d  m e d i a l l y  by t h e  c e n t r a l  medi al  n u c l e u s ,  
CMN, t o wa rds  i t s  most  c auda l  r e g i o n ,  i t  never  e x t e n d s  f a r  
enough m e d i a l l y  t o  j o i n  w i t h  i t s  c o n t r a l a t e r a l  c o u n t e r p a r t .  
The n u c l e u s  d i s a p p e a r s  a s  t h e  p a r a f a s c i c u l a r  n u c l e u s ,  P f ,  
a p p e a r s .
C e n t r a l  l a t e r a l  n u c l e us  (Fig .  3 . 0 ;  F ig .  3 .5  t o  Fig .  3 .14)
The c e n t r a l  l a t e r a l  n u c l e u s  b e g i n s  j u s t  b e f o r e  t he  
a n t e r o m e d i a l  n u c l e u s ,  AM, d i s a p p e a r s  and ends p o s t e r i o r  to  
t he  p a r a f a s c i c u l a r  n u c l e u s ,  P f .  Hence t h i s  n u c l e u s  e x t e n d s  
t h e  most  a n t e r o p o s t e r i o r  d i s t a n c e  of e i t h e r  t h e  p a r a c e n t r a l  
or c e n t r a l  medi al  n u c l e i .  The n u c l e u s  b e g in s  as  a band o f  
c e l l s  f o l l o w i n g  t h e  v e n t r a l  co n to u r  of t he  mammil l o tha lamic  
t r a c t ,  mt .  I t  q u i c k l y  expands  d o r s a l l y  and m e d i a l l y  f o rming  
a f l a t t e n e d  t r i a n g u l a r  n u c l e u s ,  i t s  apex l y i n g  be tween t h e  
a n t e r o v e n t r a l ,  AV, and p a r a c e n t r a l  n u c l e i .  The v e n t r a l  
a n t e r i o r  l a t e r a l  complex,  VAL, b o r d e r s  i t  v e n t r a l l y ,  and 
m e d i a l l y  i t  now f o l l o w s  t h e  v e n t r a l  c on t ou r  of t h e  i n t e r n a l  
m e d u l l a r y  l am ina .  The c e l l s  of t h e  c e n t r a l  l a t e r a l  nuc l e us  
r e s em b l e  t h o s e  of  t h e  c e n t r a l  medi a l  n u c l e u s ,  t hey  a r e  
round,  s l i g h t l y  e l o n g a t e d ,  v e ry  d e ep ly  s t a i n i n g ,  and 
a r r a n g e d  i n  c l u s t e r s  of c l o s e l y  packed c e l l s .  In t he  cauda l
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half, the nucleus forms into a Y-shaped nucleus around the 
ventromedial region of the anteroventral nucleus, AV. The Y 
shape is lost with the appearance and expansion of both the 
lateral dorsal, LD, and lateral posterior, LP, nuclei. Only 
a vertical column of cells is left which joins onto the 
paracentral nucleus. The column of cells expands medially. 
Most of the cells are smaller than in the anterior region, 
deeply staining and arranged in large clusters of closely 
packed cells. This column is flanked for some distance 
laterally by the lateral posterior nucleus, LP, and 
medially by the mediodorsal nucleus, MD. The boundaries are 
just demarcated laterally by fine strands from the internal 
medullary lamina and medially by the looser packed and 
elongated cells of the mediodorsal nucleus. The nucleus 
disappears posterior to the parafascicular nucleus, Pf, as 
the few remaining cells of the mediodorsal nucleus, MD, 
become contiguous with those of the lateral posterior 
nucleus, LP.
3.3.4 Ventral Nuclei. The ventral nuclei consist 
of the following components, a ventral anterior lateral 
complex, VAL, consisting, in the rostral region, of both 
the ventral anterior, VA, and the ventrolateral nuclei. The 
rest of the nucleus consists of only the ventrolateral 
nucleus, V L ; the ventral posterolateral nucleus, VPL; the 
ventral posteromedial nucleus, VPM, which together form the 
ventrobasal complex, and the ventral posteroinferior 
nucleus, VPI.
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Ventral anterior lateral complex (Fier. 3.0; Fig. 3.3 to Fig. 3.5).
There is a strong indication (Chapter 5) that the 
ventral anterior nucleus is located only in the most 
rostral region of the thalamus. However it is difficult to 
distinguish on cytoarchitectonic criterion alone the 
ventral anterior nucleus from the ventrolateral nucleus. 
For this reason, the rostral region of the complex was 
combined with the ventrolateral nucleus forming an 
amalgamated complex. The complex first appears as a band of 
cells beginning in a lateral position dorsal to the 
reticular nucleus, RE, coursing ventromedially while
interposed amongst fibres of the mammillothalamic tract, 
mt. The cells are small, elongated, medium to deeply 
staining, and sparsely spaced. Just posterior to its 
beginning, the ventral anterior lateral complex is replaced 
ventrally by the large, round cells of the ventral 
posterolateral nucleus. The ventral anterior nucleus is 
lost, leaving only the ventrolateral nucleus within the 
ventral anterior lateral complex.
Ventrolateral nucleus (Fig. 3.0; Fig. 3.5 to Fig. 3.13)
The ventrolateral first appears as a separate 
nucleus as the ventral anterior nucleus disappears from the 
amalgamated complex. The nucleus is bordered dorsally by 
the central lateral nucleus, CL, ventrally by the ventral 
posterolateral nucleus, and laterally by the reticular 
nucleus, RE. The ventrolateral nucleus quickly expands 
ventrally, in so doing replacing some of the dorsal region
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of the ventral posterolateral nucleus. With the appearance 
of the ventral posteromedial nucleus ventrally, as well as 
the central lateral nucleus, CL, receding dorsally, the 
ventrolateral nucleus appears to move dorsolaterally, and 
gradually forms a medial wing which follows the ventral 
contour of the internal medullary lamina. The medial wing 
of the ventrolateral nucleus caps the ventral posteromedial 
nucleus for only a small anterior part of its 
anteroposterior extent until the posterior nucleus, PO, 
appears. The medial wing of the ventrolateral nucleus cedes 
places to the posterior nucleus, PO, medially, and the
ventromedial nucleus, VM, laterally. The rest of the
ventrolateral nucleus is gradually substituted by the
posterior nucleus, PO. This coincides with the appearance
of the lateral habenular nucleus, HL. However a small 
dorsolateral region of the ventrolateral nucleus, remains 
for some distance. The cells of the ventrolateral nucleus 
are large, round, deeply staining and sparsely packed. The 
dorsolateral region disappears as the ventral posteromedial 
nucleus recedes laterally.
Ventral posterolateral nucleus (Fig. 3.0; Fig. 3.6 to Fig. 
3.13)
As the nucleus first appears it occupies two 
thirds of the region previously occupied by the ventral 
anterior complex. The cells of the ventral posterolateral 
nucleus are large, round, moderately staining and arranged 
in sparsely spaced clusters. Each cluster contains only a
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few cells. With the appearance of the ventrolateral 
nucleus, the ventral posterolateral nucleus occupies only 
the ventral half of the region. The cells of the 
ventrolateral nucleus are not unlike those of the ventral 
posterolateral nucleus except the cells of the latter 
nucleus stain less deeply. The ventral posterolateral 
nucleus recedes further laterally and ventrally as the 
ventral posteromedial nucleus expands radially. The 
ventromedial wing of the ventral posterolateral nucleus 
condenses to a narrow band of deeply staining cells, which 
are densely packed and somewhat elongated. This ventral 
band courses dorsally along the external medullary lamina, 
which also separates it from the zona incerta, ZI. The 
lateral region is replaced by the ventral posteromedial 
nucleus, coinciding with the appearance of the lateral 
habenular nucleus, HL. The ventral band disappears just 
posterior to the lateral region, coinciding with the 
disappearance of the anterodorsal nucleus, AD. The ventral 
posterolateral nucleus is less extensive from anterior to 
posterior than the ventral posteromedial nucleus.
Ventral Posteromedial nucleus (Fig. 3.0; Fig. 3.7 to Fig. 
3.15)
The ventral posteromedial nucleus almost centrally 
placed within the ventral posterolateral nucleus, then
expands immediately and forms a fan shaped nucleus. Cells
located in the core region of the nucleus are large, round,
deeply staining and closely packed. The cells in the
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lateral region of the nucleus are somewhat elongated 
following a ventral to dorsal arcuate course, and are very 
tightly packed. In the rostral half of its anteroposterior 
extent the ventral posterior medial nucleus is bordered by 
the ventrolateral nucleus dorsolaterally and dorsomedially.
Medially it is bordered by the oral division of the
ventromedial nucleus, VMO, and 1ateroventrally by the
ventral posterolateral nucleus. In the caudal half of its 
anteroposterior extent the ventral posteromedial nucleus 
expands mediolaterally assuming a dorsally convexed
semi-lunar shape. Both its width and deeply staining cells 
make the nucleus very distinct. The nucleus is bounded 
dor solaterally by the posterior nucleus, PO, and medially 
by the receding oral division of the ventromedial nucleus, 
VMO. Ventrally it is bordered by the ventral
posteroinferior nucleus and laterally by the external 
medullary lamina. The nucleus gradually recedes laterally 
and eventually cedes place to the posterior nucleus, PO in 
the most caudal lateroventral region of the dorsal
thal amus.
Ventral posteroinf er ior nucleus (Fig. 3.0; Fig. 3.11 to 
Fig. 3.13)
The ventral posteroinferior nucleus starts as an 
ovoid shape enclosed dorsally by the ventral posteromedial 
nucleus and ventrally by the ventral wing of the ventral 
posterolateral nucleus. The cells of this nucleus are 
small, elongated, deeply staining and sparsely scattered
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amongst a mesh of fibres. With the disappearance of the 
ventral posterolateral nucleus it is surrounded 
ventrolaterally by the external medullary lamina. The 
ventral posteroinferior nucleus does not appear to reduce 
gradually in size just prior to disappearing, but the area 
is abruptly replaced by the cells of the posterior nucleus, 
PO.
3.3.5 Ventromedial Nuclei. The ventromedial 
nucleus, VM; the oral division of the ventromedial nucleus, 
VMO; and the submedial nucleus, SUM, form the ventromedial 
nuclei.
Ventromedial nucleus (Fig. 3.0; Fig. 3.5 to Fig. 3.16)
The ventromedial nucleus is initially a circular 
shaped nucleus on both sides of the ventral midline of the 
thalamus. It quickly joins in the centre with its 
contralateral counterpart forming a trapezoid nucleus. Four 
lateral wings extend from the nucleus, two from the 
dorsolateral corners coursing dorsolaterally, and two from 
the ventrolateral corners coursing ventrolaterally. The 
deeply staining and moderately packed cells are mostly 
medium in size, but some are larger. Their shape varies 
from round to multiangular. The cells in the midline region 
of the nucleus are much smaller than the other cells. The 
dorsolateral wings are very short and course along the 
ventral border of the internal medullary lamina. Medially 
it is bordered firstly by the ventrolateral nucleus, VL, 
gradually the dorsolateral wing extends further laterally
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t o  r e p l a c e  t h e  v e n t r o l a t e r a l  n u c l e u s .  However,  t h e  b o r d e r s  
a r e  n o t  v e r y  d i s t i n c t .  The v e n t r o l a t e r a l  wing c o u r s e s  
d o r s a l  t o  t h e  e x t e r n a l  m e d u l l a r y  l amina  and i s  b o r d e r e d  
l a t e r a l l y  by t h e  v e n t r a l  p o s t e r o i n f e r i o r  n u c l e u s ,  VPI.  
S i nc e  t h e  v e n t r o l a t e r a l  wing e x t e n d s  f u r t h e r  l a t e r a l l y  i t  
v e n t r a l l y  b o r d e r s  t h e  most  m ed i a l  r e g i o n  of t h e  v e n t r a l  
p o s t e r o m e d i a l  n u c l e u s ,  VPM. The d o r s a l  r e g i o n  of  t h e  
v e n t r o m e d i a l  n u c l e u s  i s  r e p l a c e d  by t he  p o s t e r i o r  n u c l e u s ,  
PO, j u s t  b e f o r e  t h e  v e n t r o m e d i a l  n u c l e u s  s p l i t s  on t h e  
m i d l i n e  and t h e  two h a l v e s  move somewhat l a t e r a l l y  away 
from t h e  m i d l i n e .  The m i d l i n e  r e g i o n  i s  now o c c u p i e d  by 
v e r y  smal l  c e l l s  which e v e n t u a l l y  form the  p e r i a q u e d u c t a l  
g r e y ,  PGA. The c e l l s  i n  t h e  med i a l  r e g i o n  a r e  more c l o s e l y  
packed  and form a c i r c u l a r  n u c l e u s  which s t i l l  r e t a i n s  t h e  
v e n t r o l a t e r a l  wing.  The c i r c l e  of  c e l l s  becomes 
i n t e r c a l a t e d  w i t h  t h e  p a r a f a s c i c u l a r  n u c l e u s ,  P f .
E v e n t u a l l y  t h e  c i r c u l a r  nu c l e u s  i s  l o s t  j u s t  b e f o r e  t h e  
l a t e r a l  wing of  t h e  v e n t r o m e d i a l  n u c l e u s ,  d i s a p p e a r s ,  
l e a v i n g  j u s t  t h e  c e l l s  of t h e  p a r a f a s c i c u l a r  n u c l e u s ,  P f .  
Ora l  d i v i s i o n  of t h e  v e n t r o m e d i a l  n u c l e u s  (F ig .  3 . 0 ;  F i g .  
3 . 11  t o  F ig .  3 .14)
The c e l l s  i n  t h e  l a t e r a l  r e g i o n  of v e n t r o m e d i a l  
n u c l e u s  form a c i r c l e  of  medium t o  l a r g e  deep ly  s t a i n i n g ,  
c l o s e l y  packed c e l l s .  The c e l l s  a r e  s i m i l a r  t o  t h o s e  of 
b o t h  t h e  v e n t r o m e d i a l  and  v e n t r a l  p o s t e r o l a t e r a l ,  VPL, 
n u c l e i .  The c i r c l e  of c e l l s  r e a r r a n g e s  i n t o  c l u s t e r s  of  
c e l l s  which s p r e a d  m e d i o l a t e r a l l y . Thi s  n u c l e u s  i s
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laterally bordered by the ventral posteromedial nucleus, 
VPM, and medially by the ventromedial nucleus. The lateral 
border is difficult to distinguish cytoarchitectonically 
except for a band of fibres separating VMO from the ventral 
posteromedial nucleus. The nucleus disappears, to be 
replaced by the parafascicular nucleus, Pf, which occupies 
most of the ventral cellular region of the posterior dorsal 
thalamus.
Submedial nucleus (Fig. 3.0; Figs. 3.5, 3.6)
The submedial nucleus appears as an ovoid cluster
of moderately packed cells that are small and pale 
staining. It is situated ventral to the internal medullary
lamina, medial to both the central lateral, CL, and
ventrolateral, VL, nuclei, and separated from the midiine
cells of the medioventral, MV, rhomboid, RH, and 
ventromedial, VM, nuclei. The nucleus quickly becomes 
elongated mediolaterally and disappears. This nucleus was 
not present in every brain.
3.3.6 Posterior Nucleus. The posterior nucleus 
consists of three regions, a medial region, POM, and a 
lateral region, POL and a posterior region, POP. The medial 
and lateral regions are described together.
Posterior nucleus (Fig. 3.0)
The medial region of the posterior nucleus (Fig. 
3.9 to Fig. 3.18) begins in a lateral corner of the dorsal 
thalamus just dorsal to the ventral posteromedial nucleus, 
VPM. It quickly extends medially to occupy the area of the
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ventrolateral nucleus, VL. The cells are small, very 
angular, moderately staining and loosely packed. Dorsally, 
the posterior nucleus is bordered by the lateral posterior 
nucleus, LP, medially by the internal medullary lamina, and 
ventromedially by the receding ventromedial nucleus, VM as 
well as by the oral division, VMO. As the ventral 
posteromedial nucleus, VPM, disappears, the lateral region 
of the posterior nucleus appears in the very ventral 
lateral corner bordering medially with the external
medullary lamina. The cells in the lateral region form a 
circular cluster of deeply staining cells that are closely 
packed. The medial region is by far the largest in area of 
the two regions. Both regions of the nucleus disappear in 
the caudal ventral region of the dorsal thalamus as the 
massive bundle of fibres course medially through the 
nucleus. The area that was occupied by the circular cluster 
of cells of the lateral region of the posterior nucleus is 
then occupied by the cells of the core region of the 
principal medial geniculate nucleus, MGP.
The posterior region of the posterior nucleus 
(Fig. 3.18 to Fig. 3.22) is much smaller in area than the 
two other regions. The nucleus begins just anterior to the 
principal part of the medial geniculate nucleus, MGP and 
lies above it forming a sickle-shape. As the posterior part 
extends around the lateral perimeter of the principal part 
of the medial geniculate nucleus, MGP, it forms a 
funnel-shaped nucleus, with the narrowed region pointed
3.24
towards the lateral side of the thalamus. The ventral part 
of the funnel-shaped nucleus is eventually lost, while the 
dorsal part is still present. The dorsal part reaches up to 
the dorsal medial geniculate nucleus, MGD thus lying 
between the dorsal lateral geniculate nucleus LGD dorsally 
and the principal part of the medial geniculate nucleus, 
MGP, ventrally. The dorsal part bcomes separated into two 
regions. The more medial region forms a wedge-shaped 
nucleus which disappears with the dorsal lateral geniculate 
nucleus, LGD. The lateral region disappears just posterior 
to the disappearance of the ventral part of the posterior 
region of the posterior nucleus. The posterior region of 
the posterior nucleus for the most part is only a thin 
strip of cells, 4 to 10 cells in width, and not easily 
differentiated cytoarchitectonically from the cells of the 
surrounding nuclei.
3.3.7 Mediodorsal Nucleus of the Dorsal Thalamus. 
The mediodorsal nucleus (Fig. 3.0; Fig. 3.5 to Fig. 3.17) 
first appears encapsulated laterally and ventrally by the 
anterodorsal, AD, and interanterodorsal, IAD, nuclei, 
dorsally by the parataenial, PT, nucleus and medially by 
the paraventricular nucleus, PV. Almost immediately the 
mediodorsal nucleus expands ventrally as the 
interanterodorsal nucleus, IAD, moves ventrally and 
disappears. The majority of cells are medium sized, 
moderately staining and packed, and mostly angular. There 
are also smaller cells within the mediodorsal nucleus.
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Midway along its anteroposterior extent, the mediodorsal 
nucleus is bounded laterally by the central lateral 
nucleus, CL, and medially it is bounded by the cells of the 
receding paraventricular nucleus, PV. The nucleus then 
occupies a third of the nuclear region of the dorsal 
thalamus, all cells now appearing to be more deeply
staining. Posterior to the midway point the area taken up 
by the nucleus decreases as the central lateral nucleus, 
CL, moves medially and the paracentral nucleus, PC, moves 
dorsomedially, and the habenular nuclei, medial and 
lateral, HL and HM, expand ventrally and medially. As the 
cells of the parafascicular nucleus, Pf, appear, they merge 
medially with the cells of the mediodorsal nucleus which 
are also merging laterally with the cells of the central 
lateral nucleus, CL. In the very caudal region it is 
difficult to distinguish the cells of the mediodorsal 
nucleus from those of other nuclei. The dorsal region of 
the nucleus disappears as the nucleus of the optic tract, 
OTN, appears.
3.3.8 Lateral Nuclei and the Pulvinar Nucleus. The 
lateral nuclei consist of the lateral dorsal nucleus, LD; 
the lateral posterior nucleus, LP; the lateral anterior 
nucleus, LA and the pulvinar nucleus PUL.
Lateral dorsal nucleus (Fig. 3.0; Fig. 3.7 to Fig. 3.13)
The lateral dorsal nucleus is initially
rectangular, encapsulated rostrally by the anteroventral,
AV, and anteromedial, AM, nuclei and ventrally by the
central lateral, CL, and mediodorsal, MD nuclei. The
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n u c l e u s  c o n s i s t s  of  a homogenous p o p u l a t i o n  of l a r g e  round 
c e l l s ,  m o d e r a t e l y  s t a i n i n g  and l o o s e l y  packed .  The
a n t e r o v e n t r a l  n u c l e u s  AV, a lways  caps  t h e  l a t e r a l  d o r s a l  
n u c l e u s .  The l a t e r a l  d o r s a l  n u c l e u s  expands  d o r s a l l y  t h u s  
s u b s t i t u t i n g  t h e  a r e a  of t h e  r e c e d i n g  a n t e r o v e n t r a l  
n u c l e u s ,  AV. Only a f t e r  t h e  a n t e r o v e n t r a l  n u c l e u s ,  AV, 
d i s a p p e a r s  does t h e  l a t e r a l  d o r s a l  n u c l e u s  a t t a i n  a d o r s a l  
p o s i t i o n  bounded d o r s a l l y  by t he  s t r a t u m  z o n a l e .  G r a d u a l l y  
t h e  h e t e r o g e n e o u s  c e l l  p o p u l a t i o n  of t h e  l a t e r a l  p o s t e r i o r  
n u c l e u s  a p p e a r s ,  a s  t he  l a t e r a l  d o r s a l  n u c l e u s  d i s a p p e a r s  
t o g e t h e r  w i t h  t h e  a n t e r o d o r s a l  n u c l e u s ,  AD.
L a t e r a l  p o s t e r i o r  n u c l e u s  (F ig .  3 . 0 ;  F i g .  3 . 9  to F i g .  3 . 2 0 )  
The l a t e r a l  p o s t e r i o r  n u c l e u s  f i r s t  a p p e a r s  as  two 
s e p a r a t e  r e g i o n s ,  a l a t e r a l  and d o r s a l  r e g i o n ,  s e p a r a t e d  by 
t h e  l a t e r a l  wing of  t he  c e n t r a l  l a t e r a l  n u c l e u s ,  CL. The 
l a t e r a l  r e g i o n  i s  j u s t  medi a l  to  t h e  e x t e r n a l  m e d u l l a r y  
l amina  and d o r s a l  t o  t he  v e n t r o l a t e r a l  n u c l e u s ,  VL, w h i l e  
t he  d o r s a l  r e g i o n  b o r d e r s  t h e  l a t e r a l  d o r s a l  n u c l e u s  
v e n t r a l l y .  The two r e g i o n s  of  t h e  l a t e r a l  p o s t e r i o r  n u c l e u s  
merge a s  t h e  l a t e r a l  wing of t h e  c e n t r a l  l a t e r a l  n u c l e u s ,  
CL, r e c e d e s  m e d i o d o r s a l l y . The n u c l e u s  c o n t a i n s  a 
h e t e r o g e n e o u s  p o p u l a t i o n  of c e l l s  which  va ry  from sma l l  t o  
l a r g e  i n  s i z e ,  and p a l e  t o  deep i n  s t a i n i n g .  I n  shape  some 
c e l l s  a r e  a n g u l a r ,  o t h e r s  a r e  r oun d ,  b u t  o v e r a l l  t h e  c e l l s  
a r e  c l o s e l y  packed.  As t h e  p o s t e r i o r  n u c l e u s ,  PO, expands  
d o r s a l l y  t h e  whole n u c l e u s  s l ow ly  r e c e d e s  t o  t he  d o r s a l  
l a t e r a l  h a l f  of t h e  n u c l e a r  space  of t h e  d o r s a l  t h a l a m u s .
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The nucleus is now bounded dorsally by the 
stratum zonale of the thalamus, laterally by the external 
medullary lamina, ventrally by the posterior nucleus, PO, 
and medially by the central lateral nucleus, CL. The 
ventral region of the nucleus eventually disappears in the 
caudal region of the dorsal thalamus as the fibres of the 
optic radiation course medially through it. The dorsal 
part of the nucleus remains as a wedge-shaped nucleus 
bordered laterally by the pulvinar nucleus, PUL, and 
medially by the nucleus of the optic tract OTN. The cells 
of the lateral posterior nucleus are eventually lost midway 
along the anteroposterior extent of the pulvinar nucleus,
PUL.
Lateral anterior nucleus (Fig. 3.0; Fig. 3.11 to Fig. 3.13) 
This nucleus first appears in the most dorsola­
teral corner of the dorsal thalamus between the external 
medullary lamina laterally, and the receding lateral dorsal 
nucleus medially. The lateral anterior nucleus quickly takes 
on a wedge shape form with the lateral posterior nucleus as 
its medioventral border. The cells are small, deeply 
staining, angular and closely packed. Just posterior to its 
greatest expansion, the nucleus disappears. This coincides 
with the appearance of the dorsal lateral geniculate nucleus, 
LGD.
Pulvinar nucleus (Fig. 3.0; Fig. 3.16 to Fig. 3.22)
This nucleus substitutes the ventral region of the 
lateral posterior nucleus, as it appears posterior to the 
fibres of the optic radiation. Anteriorly, it is totally
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capped dorsally by a medial wing of the dorsal lateral
geniculate nucleus, LGD, which courses ventral to the optic 
tract. The pulvinar nucleus is a rectangular nucleus,
slanting ventromedially. Most anteriorly it is flanked 
laterally by the optic radiation and medially by the 
lateral posterior nucleus and a few remaining cells of the 
mediodorsal nucleus, MD. As the nucleus expands it is
bordered by both the medial wing of the dorsal lateral
geniculate nucleus, LGD, dor sol aterally and by the optic 
tract dorsomedially. Laterally it is bounded by the beta 
segment of the dorsal lateral nucleus, LGD (Sanderson et al., ’84), from 
which it is separated by a thin fibrous stria. Mediodorsally it is 
bounded by the lateral posterior nucleus and medioventrally 
by the nucleus of the optic tract, OTN, and ventrally by 
the radiation of fibres. Posteriorly the nucleus expands 
mediolaterally and then is bordered medially by the nucleus 
of the optic tract, OTN, and ventally by the principal 
medial geniculate nucleus, MGP. As the dorsal lateral 
geniculate nucleus, LGD, recedes lateroventrally the 
suprageniculate nucleus SG, apears, bordering the pulvinar 
nucleus laterally. As the medial geniculate nuclei expand 
dorsomedially, the ventral region of the pulvinar nucleus 
is curtailed further, and begins receding laterally. The 
nucleus disappears as the superior colliculus, SC, begins 
to appear. The cells of the nucleus are mostly small, 
moderately to deeply stained and closely packed. Most cells 
are angular shaped while a few are round.
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3.3.9 Reticular Nucleus. The reticular nucleus
(Fig. 3.0; Fig. 3.1 to Fig. 3.14) is among one of the most 
extensive, anterior to posterior, nuclei of the ventral 
thalamus beginning at the very anterior pole and ending 
only as the lateral geniculate nuclei appear. The nucleus 
first appears as a band of cells coursing ventromedially 
across the dorsal thalamus. As other thalamic nuclei begin 
to appear at the rostral pole of the thalamus, the 
reticular nucleus is pushed laterally such that it 
surrounds the lateral perimeter of the dorsal thalamus, as 
well as some of the ventral perimeter as the ventral region 
of the nucleus curves medially. In the anterior half of its 
anteroposterior extent, the nucleus is bounded laterally by 
the fibres of the internal capsule. The nucleus is bounded 
medially by the nucleus of the stria terminal is and fibres 
of the mamillothalamic tract, mt, then by a nuclear region 
consisting of the anteroventral, ventral anterior and 
ventrolateral nuclei. The cells in both the lateral and 
ventral part of the nucleus are mostly round, some are
elongated, medium sized and moderately to deeply stained. 
The cells throughout the nucleus are very loosely packed at 
times appearing in clusters of several cells. The cells in 
the ventral part of the nucleus are quickly lost and cells 
of the zona incerta, ZI, appear. Thus the reticular nucleus 
is reduced to only a narrow vertical column of cells. In 
the caudal half, the reticular nucleus widens
mediolaterally, where it is bordered by the internal
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capsule laterally and medially by the external medullary
lamina. The cells of the nucleus in the caudal half of its 
extent are very small, deeply staining, fusiform in shape 
and still very loosely packed. Interposed among these cells
are one or two larger, round cells which at times are paler
staining. The nucleus is eventually lost as cells of both 
the dorsal and ventral lateral geniculate nuclei appear.
3.3.10 Nucleus of the zona incerta. The nucleus 
begins medially (Fig. 3.0; Fig. 3.6 to Fig. 3.19), then 
quickly extends laterally, following the ventral contour of 
the external medullary lamina. Dorsally it borders the 
cerebral peduncle. The external medullary lamina separates 
the zona incerta from the ventral nuclei of the dorsal 
thalamus. The cells throughout the nucleus are unique in 
their appearance, they are very small, fusiform in shape,
deeply staining and are arranged in layers. The medial 
region of the nucleus is conterminous with the nucleus of 
the fields of Forel, FF. The cells in the lateral region of 
the zona incerta are more elongated rather than fusiform 
and somewhat larger, and loosely arranged. These cells form 
a dorsally convex, wedge-shaped nucleus which joins the 
medial part of the zona incerta, which now dorsally borders 
the subthalamic nucleus, SUB. The cells of the ventral
lateral geniculate nucleus, LGV, lie over the lateral part
of the zona incerta. Posteriorly, both the lateral and
medial parts of the zona incerta enclose dorsally the
cerebral peduncl e until the nucleus is lost as the cells of
the substantia nigra appear.
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3.3.11 Nucleus of the fields of Forel. The cells
of the nucleus of the fields of forel first appear 
ventrolateral (Fig. 3.0; Fig. 3.7 to Fig. 3.16) to the 
medial part of the zona incerta, ZIf amongst cells of the 
lateral hypothalamic region. The nucleus retains its 
triangular shape, dorsally bordered by the zona incerta, 
laterally by the subthalamic nucleus and medially by the 
mammillothalamic tract. The nucleus comes to lie ventral to 
the parafascicular nucleus, Pf, before it disappears. In 
the posterior region the cells of the nucleus of the fields 
of Forel are difficult to identify from the cells of 
neighbouring nuclei. The cells are small, irregularly 
shaped, deeply staining and loosely packed.
3.3.12 Subthalamic nucleus. The subthalamic 
nucleus (Fig. 3.0; Fig. 3.10 to 3.14) lies ventral to the 
zona incerta, ZI, laterally adjacent to the cerebral 
peduncle and medially, adjacent to the nucleus of the 
fields of Forel, FF. It quickly expands, forming an oval 
nucleus with a dorsal wing coursing laterally, ventral to 
the cells of the zona incerta. The cells are medium sized, 
deeply staining, angular and closely packed. The main 
ventral region of the nucleus then medially borders the 
lateral hypothalamic area. It is possible that some of the 
more lateral cells of the lateral extension merge with 
cells of the reticular nucleus, RE, and the lateral cells 
of the zona incerta, ZI. In the most lateral region it is 
difficult to distinguish boundaries between the three 
nuclei, the reticular nucleus,
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RE, the zona incerta, ZI and the subthalamic nucleus, SUB. 
Gradually the dorsolateral wing of the nucleus is lost and 
the main nucleus begins to recede. The subthalamic nucleus 
disappears as the mammillary body appears.
3.3.13 Habenular Nuclei. The habenular nuclei 
consist of two nuclei, the lateral habenular nucleus, HL; 
and the medial habenular nucleus, HM.
Lateral habenular nucleus (Fig. 3.0; Fig. 3.11 to Fig. 
3.16)
The lateral habenular nucleus appears just 
anterior to the medial habenular nucleus. Its cells first 
appear among fibres of the medullary stria. As the nucleus 
expands it is larger in area than the medial habenular 
nucleus. The nucleus is separated from the mediodorsal 
nucleus, MD, by a thin fibrous stria coursing
ventromedially down to the ependymal cells of the third 
ventricle. Throughout its extent the nucleus occupies the 
most mediodorsal corner of the dorsal thalamus adjacent to 
the third ventricle. The nucleus begins as a wedge shaped 
nucleus, then as it expands, it becomes rectangular. As the 
retroflexus bundle appears and begins moving ventrally the
1ateral habenular nucleus disappears . The cells of the
nucleus are small, elongated, pale staining and loosely
packed. In the anterior region of the nucleus a few larger,
round, more deeply staining cells appear among the smaller
cells.
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Medial habenular nucleus (Fig. 3.0; Fig. 3.12 to 3.18)
The medial habenular nucleus lies ventral to the 
lateral nucleus and is situated along the ependymal cell 
lining of the third ventricle. It begins as a wedge shaped 
nucleus, which quickly expands into an oval nucleus. The 
medial nucleus is also bounded laterally and ventrally by 
the fibrous stria. As the lateral habenular nucleus
disappears, the medial nucleus elongates. It extends
dorsally and curves medially following the contours of the 
medullary stria, which fuses in the centre with its
contralateral counterpart forming the habenular commissure. 
The medial nucleus disappears almost immediately after the 
habenular commissure is formed. The cells of the medial 
habenular nucleus are very distinct, being medium sized, 
elongated, very deeply staining and very densely packed. 
The cells appear to be aligned in vertical rows which bend 
medial ly.
3.3.14 Caudal Intralaminar Nuclei. This region 
comprises three nuclei, the centre median nucleus, CM; the 
parafascicular nucleus, Pf; and the subparafascicular
nucleus, SPf.
Centre median nucleus (Fig. 3.0; Fig. 3.17)
The centre median nucleus is very small but was 
present in every brain that was examined. The centre median 
nucleus is located lateral to the parafascicular nucleus, 
in a ventromedial region of the posterior dorsal thalamus. 
The nucleus is made up of a short vertical column of cells
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which cu rve  s h a r p l y  v e n t r o m e d i a l l y . I t  i s  p r e s e n t  e i t h e r  as  
d e s c r i b e d ,  or only as  p a r t  of t h a t  c o n f i g u r a t i o n .  The c e l l s  
a r e  q u i t e  s m a l l ,  p a l e  t o  m o d e r a t e  s t a i n i n g  and c l o s e l y  
packed .  The c e l l s  va ry  i n  shape  from round t o  e l o n g a t e d .
P a r a f a s c i c u l a r  n u c l e us  (F ig .  3 . 0 ;  F ig .  3 . 1 5  t o  Fig .  3 . 19)
The n u c l e u s  i s  l o c a t e d  i n  t h e  medi a l  a r e a  
p r e v i o u s l y  o c c u p i e d  by t h e  m e d i o d o r s a l  n u c l e u s ,  MD which 
fo rms  i t s  l a t e r a l  b o r d e r .  V e n t r o l a t e r a l l y  t he  n u c l e u s  i s  
b o r d e r e d  by t h e  r e c e d i n g  c e n t r a l  l a t e r a l  n u c l e u s ,  CL, wh i l e  
i t s  most  d o r s a l  c e l l s  merge w i t h  t h o se  of t h e  m e d i o d o r s a l  
n u c l e u s ,  MD. D o r s o v e n t r a l l y  t h e  n u c l e u s  e x t e n d s  from th e  
v e n t r a l  t i p  of t h e  medi a l  h a b e n u l a r  n u c l e u s ,  HM, t o  t h e  
v i c i n i t y  of t h e  e x t e r n a l  m e d u l l a r y  l am in a .  At i t s  g r e a t e s t  
e x p a n s i o n ,  t h e  p a r a f a s c i c u l a r  n u c l e u s  forms  a wide 
r e c t a n g u l a r  column of c e l l s  which  a p p e a r s  t o  be g r a d u a l l y  
b i s e c t e d  i n t o  a med i a l  and l a t e r a l  r e g i o n  by t h e  
r e t r o f l e x u s  b u n d l e .  The c e l l s  medi a l  t o  t h e  r e t r o f l e x u s  
bund l e  a r e  l a r g e ,  round ,  m o d e r a t e  t o  p a l e  s t a i n i n g  and 
c l o s e l y  packed ,  w h i l e  c e l l s  l a t e r a l  t o  i t  a r e  mos t l y  
s m a l l e r  i n  s i z e ,  more deep ly  s t a i n i n g  and v e ry  c l o s e l y  
packed .  The c e l l s  v a ry  from round t o  a n g u l a r  i n  shape .  In 
t he  c aud a l  r e g i o n  of t he  n u c l e u s  t h e  l a t e r a l  c e l l s  t a k e  on 
a s i m i l a r  a p p e a r a n c e  t o  t h e  medi a l  c e l l s .  The d e nse r  
packed ,  d e epe r  s t a i n i n g  c e l l s  a p p e a r  a s  t h e  r e t r o f l e x u s  
b un d l e  b i s e c t s  t h e  nu c l e u s  v e n t r a l l y .  As t h e  p a r a f a s c i c u l a r  
n u c l e u s  d i s a p p e a r s ,  some c e l l s  r ema in  which a r e  l o c a t e d  
l a t e r o m e d i a l  and v e n t r o m e d i a l  t o  t he  a n t e r i o r  p r e t e c t a l
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nucleus, PTA. These cells gradually disappear as the 
retroflexus bundle reaches the most ventral region of the 
thalamus, and the nucleus of the optic tract, OTN, appears. 
Subparafascicular nucleus (Fig. 3.0; Fig. 3.17 to Fig. 
3.25)
The subparafascicular nucleus begins ventromedial 
to the caudal region of the parafascicular nucleus as a 
thin horizontal band of cells moving laterally. As the 
cells approach the principal medial geniculate nucleus, 
MGP, the nucleus forms a circle which quickly expands
dorsally and laterally forming a triangular nucleus which 
curves laterally around the fibrous stria surrounding the 
principal medial geniculate nucleus, MGP. The nucleus 
contains small to medium sized, pale staining, round,
closely packed cells. The nucleus sends out a lateral wing 
which passes ventral to the principal medial geniculate 
nucleus, MGP, extending up to the remaining cells of the
ventral lateral geniculate nucleus, LGV. The cells of the 
lateral wing are pale staining, small and elongated 
horizontally. As the ventral lateral geniculate nucleus, 
LGV, is lost the lateral extension lies dorsal to the
cerebral peduncle and ventral to the principal medial 
geniculate nucleus, MGP, reaching the lateral edge of the 
posterior dorsal thalamus. As the dorsal region of the 
nucleus merges with the ventral region of the dorsal medial 
geniculate nucleus, MGD, the cells of the subparaf ascicular
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nucleus become deeper staining and looser packed. The cells 
of the lateral wing disappear first, then the rest of the 
nucleus disappears just prior to the disappearance of the 
principal medial geniculate nucleus, MGP.
3.3.15 Pretectal Nuclei. The pretectal nuclei 
comprise the nucleus of the optic tract, OTN; the anterior 
pretectal nucleus, PTA; the medial pretectal nucleus, PTM; 
the posterior pretectal nucleus, PTP; and the olivary 
pretectal nucleus, PTO.
Nucleus of the optic tract (Fig. 3.0; Fig. 3.18 to 3.22)
The nucleus of the optic tract first appears in 
the dorsomedial region of the thalamus as a wedge shaped 
nucleus, bordered laterally by the lateral posterior 
nucleus, LP. Curving medioventrally the nucleus follows the 
contours of the anterior pretectal nucleus, PTA, with which 
it borders medially. Dorsally it is bordered by the optic 
tract and ventrally by the optic radiation. The nucleus 
contains two types of cells, most cells are large and oval 
while some are medium and angular. All cells are deeply 
staining and are very loosely packed. The nucleus quickly 
expands both dorsoventrally and mediolaterally forming a 
rectangular nucleus, bordering in the most laterodorsal 
corner with the lateral posterior nucleus, LP, which is 
almost lost. The remainder of the lateral region borders 
with the pulvinar nucleus, PUL. Ventrally the nucleus 
borders with the dorsal medial geniculate nucleus, MGD. As
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the nucleus begins to recede, it narrows considerably 
mediolaterally, and the cells become more closly packed. 
Thus, the nucleus becomes a narrow vertical band of cells, 
between the pulvinar nucleus, PUL, laterally and the 
reticular region of the anterior pretectal nucleus, PTA, 
medially. The nucleus disappears as the superior
colliculus, SC, appears.
Anterior pretectal nucleus (Fig. 3.0; Fig. 3.17 to Fig.
3.23)
The anterior pretectal nucleus consists of two 
regions, a compact region and a reticular region. The 
compact region appears first in the dorsomedial corner of 
the epithalamus, ventral to the brachium of the
superior colliculus, lateral to both the medial habenular 
nucleus, HM, and the periaqueductal grey, PGA, and dorsal 
to the retroflexus bundle. Laterally a fibrous stria 
separates it from the few remaining cells of both the
mediodorsal, MD, and parafascicular, Pf, nuclei, until both 
nuclei cede place to the nucleus of the optic tract, OTN. 
The compact region of the nucleus expands forming a 
circular sector around the almost lost, medial habenular 
nucleus, HM. The cells of the circular sector radiate
laterally from the dorsomedial centre. The cells are mostly 
small, angular, pale to medium staining and very tightly 
packed. Amongst these cells are some medium, round cells 
with moderate to deep staining intensity. The reticular
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region which is always located ventral to the compact 
region, appears as the medial habenular nucleus, HM, 
disappears, thus separating the compact region from the 
periaqueductal grey, PGA. The reticular region consists of 
small, angular, pale staining cells, interposed with some 
medium to large, round, deeply staining cells. All cells 
are very loosely arranged. Posteriorly, all the cells 
appear to stain more intensely. The reticular region, the 
larger of the two regions, expands ventrolaterally 
replacing most of the ventral compact region. Both regions 
of the anterior pretectal nucleus move laterally as the 
medial pretectal nucleus appears. In this medial position 
the reticular region expands mediolaterally, bordering 
ventromedially with the tegmental field and ventrolaterally 
with the dorsal medial geniculate nucleus, MGD. The compact 
region is gradually replaced by the posterior pretectal 
nucleus. The reticular region is lost posterior to the 
compact region, as it cedes place medially to the nucleus 
of the posterior commissure, and laterally to the deep 
layers of the superior colliculus.
Medial pretectal nucleus (Fig. 3.0; Fig. 3.19 to Fig. 3.23) 
The medial pretectal nucleus appears posterior and 
dorsal to the posterior commissure. The nucleus is located 
in the most dorsomedial region of the posterior epitha­
lamus, ventral to the brachium of the superior
colliculus, and medial to the anterior pretectal nucleus. 
The nucleus consists of small to medium, deeply staining
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cells arranged in loosely spaced horizontal clusters, 
giving a honeycomb appearance. The medial pretectal nucleus 
is capped dorsally by the pretectal olivary nucleus, which 
is quickly lost as the posterior pretectal nucleus appears. 
The nucleus expands mediolaterally forming a horizontal 
band across the thalamus, bordering with the posterior 
pretectal nucleus dorsally, the nucleus of the posterior 
commissure, PCN, ventrally and laterally with the anterior 
pretectal nucleus. The medial region of the nucleus 
disappears first, posterior to its horizontal expansion, 
while the lateral region disappears more posteriorly to the 
reticular region of the pretectal nucleus.
Pretectal olivary nucleus (Fig. 3.0; Figs. 3.21, 3.22;
The pretectal olivary nucleus is not easily
distinguished at the beginning from the cells of the 
anterior pretectal nucleus, but becomes clearer as it 
extends medially. The nucleus is by far the least
extensive, anteroposteriorly, of the pretectal nuclei. The 
nucleus arises interposed between the brachium of the 
superior colliculus and the anterior pretectal nucleus. The 
pretectal olivary nucleus quickly expands medially, 
dorsally bordering the posterior pretectal nucleus, and
ventrally the medial pretectal nucleus. The nucleus
disappears very quickly as the posterior pretectal nucleus 
appears. The cells are small, deeply staining, angular and 
elongated and tightly packed. Amongst them are a few medium 
sized, round cells.
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Posterior pretectal nucleus (Fig. 3.0; Fig. 3.21 to Fig. 
3.26)
The posterior pretectal nucleus appears in the 
dorsoraedial corner of the posterior epithalamus, ventral to 
the brachium of the superior colliculus and dorsal to the 
pretectal olivary nucleus, which disappears almost 
immediately. The nucleus expands laterally following the 
convexed contour of the brachium of the superior colliculus 
dorsally, while ventrally the nucleus borders with both the 
medial pretectal and the anterior pretectal nuclei. The 
nucleus contains small to medium sized, elongated, angular, 
moderately staining cells that are tightly packed. Amongst 
these are some large, round, deeply staining cells. As the 
deep layers of the superior colliculus appear, the nucleus 
moves gradually lateroventrally following the curved 
contour of the deep layers of the superior colliculus. The 
nucleus begins to recede forming a circle of cells in a 
most lateral position of the mesencephalon dorsal to the 
last remaining cells of the medial geniculate nucleus. Then 
both nuclei disappear.
3.3.16 Lateral Geniculate Nuclei. The lateral 
geniculate nuclei consist of the dorsal nucleus, LGD; and 
the ventral nucleus, LGV. Included in this section is the 
description of the suprageniculate nucleus, SG.
Suprageniculate nucleus (Fig. 3.0; Fig. 3.18 to Fig. 3.21)
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The s u p r a g e n i c u l a t e  n u c l e u s  beg in s  as  a c i r c l e  of 
t i g h t l y  packed c e l l s  i n  t h e  l a t e r o d o r s a l  c o rn e r  of t h e  
d o r s a l  t ha l amus  amongst  c e l l s  of  t h e  p u l v i n a r  n u c l e u s ,  PUL. 
The n u c l e u s  f i r s t  expands  d o r s o v e n t r a l l y , t h e n
d o r s o m e d i a l l y , f i n i s h i n g  as  a t r i a n g u l a r  nu c l e u s  w i t h  i t s  
apex  p o i n t e d  v e n t r a l l y .  The n u c l e u s  b o r d e r s  d o r s a l l y  w i t h  
t h e  medi a l  wing of  t h e  d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s ,  
and  l a t e r a l l y  i t  i s  d i v i d e d  f rom the  d o r s a l  l a t e r a l  
g e n i c u l a t e  n u c l e us  by a t h i n  f i b r o u s  s t r i a .  M e d i a l l y  i t  
b o r d e r s  w i t h  t he  p u l v i n a r  n u c l e u s ,  PUL, from which i t  i s  
s e p a r a t e d  by a s t r i a .  The c e l l s  a r e  l a r g e ,  a n g u l a r ,  d e e p l y  
s t a i n i n g  and m o d e r a t e l y  packed .  The c e l l s  i n  t he  d o r s a l  
h a l f  of t h e  n u c l e u s  a p pea r  more c l o s e l y  packed t h a n  t h e  
c e l l s  i n  t h e  v e n t r a l  h a l f .  The n u c l e u s  d i s a p p e a r s  a l o n g  
w i t h  t h e  d o r s a l  l a t e r a l  g e n i c u l a t e ,  t h e  p u l v i n a r ,  PUL and 
o p t i c  t r a c t ,  OTN, n u c l e i .  The i r  d i s a p p e a r a n c e  i s  c o i n c i d e n t  
w i t h  t h e  a p pe a ra nc e  of t he  s u p e r i o r  c o l l i c u l u s ,  SC.
Dor sa l  l a t e r a l  g e n i c u l a t e  n u c l e u s  (F ig .  3 . 0 ;  F i g .  3 .15  t o  
F ig .  3 . 21)
The d o r s a l  l a t e r a l  g e n i c u l a t e  nu c l e u s  b e g i n s  i n  
t h e  most  d o r s o l a t e r a l  c o r n e r  of t h e  p o s t e r i o r  d o r s a l  
t h a l a m u s ,  f o l l o w i n g  t h e  cu rved  co n to u r  of t h e  o p t i c  t r a c t  
w h i l e  c app in g  t he  f i b r e s  of t h e  e x t e r n a l  m ed u l l a r y  l a m i n a .  
When t h e  nu c l e us  f i r s t  b e g in s  on ly  t he  a lp h a  segment  i s  
p r e s e n t ,  t he  c e l l s  a r e  sm a l l ,  e l o n g a t e d ,  deep ly  s t a i n i n g  
and c l o s e l y  packed.  The c r e s c e n t  shaped  n u c l e u s  b e g i n s  t o  
e x t e n d  v e n t r a l l y  and g r a d u a l l y  m e d i a l l y  as  t he  b e t a  segment
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a p p e a r s .  The c e l l s  i n  t h e  b e t a  segment  a r e  m os t l y  sma l l ,  
a n g u l a r ,  deep ly  s t a i n i n g  and v e r y  s p a r s e l y  a r r a n g e d .  
I n t e r p o s e d  among t h e s e  c e l l s  a r e  some l a r g e r ,  oval  shaped ,  
p a l e r  s t a i n i n g  c e l l s .  As t he  n u c l e u s  r e a c h e s  i t s  g r e a t e s t  
v e n t r a l  e x t e n t ,  i t  b o r d e r s  v e n t r a l l y  w i th  t h e  v e n t r a l  
l a t e r a l  g e n i c u l a t e  n u c l e u s ,  which i s  soon l o s t  and r e p l a c e d  
by t h e  p r i n c i p a l  media l  g e n i c u l a t e  n u c l e u s ,  MGP, a l s o  a t  
t h i s  s t a g e  l aminae  b e g in  t o  f orm in  both segment s .  There  
a r e  t h r e e  l aminae  i n  t h e  a l p h a  segment ,  a l p h a g ,  a l p ha ^  and 
a lp ha 2  of  t he  d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s .  The c e l l s  
of  t h e  alphaQ l amina  a r e  s m a l l ,  f u s i f o r m ,  m o d e r a t e l y  
s t a i n i n g .  I n  t h e  a lpha^  l amina  t h e  c e l l s  a r e  medium s i z e d ,  
m u l t i a n g u l a r  and d e ep ly  s t a i n i n g .  C e l l s  i n  both  alphaQ and 
a lp ha ^  l am in ae  a r e  m o d e r a t e l y  packed .  C e l l s  i n  l amina  
a l p h a 2  a r e  s i m i l a r  to  t h o se  of l amina  a lpha^  e x c e p t  t h a t  
t h e  c e l l s  do no t  s t a i n  as deep ly  and a r e  c l o s e l y  packed.  
C a u d a l l y ,  t he  c e l l s  of  l amina  a lp ha 2  a r e  m o d e r a t e l y  packed 
as t h e  l amina  a p p e a r s  t o  widen m e d i o l a t e r a l l y .  S u b d i v i s i o n s  
i n  a l pha2  cou ld  n o t  be d i s t i n g u i s h e d  c y t o a r c h i t e c t o n i c a l l y . 
The a l p h a  segment  i s  s e p a r a t e d  from the  b e t a  segment  by a 
t h i n  f i b r o u s  s t r i a .  The b e t a  segment  c o n s i s t s  o f  two 
c y t o a r c h i t e c t o n i c a l l y  d i s t i n g u i s h a b l e  l a m i n a e ,  b e t a ^  and 
be ta2*  C e l l s  i n  l amina  b e t a j  a r e  p a l e  t o  medium s t a i n i n g ,  
sma l l  to  medium s i z e d  and a n g u l a r  i n  shape .  These c e l l s  a r e  
c l o s e l y  packed .  The c e l l s  i n  t he  b e t a 2  l amina  a r e  s p a r s e l y  
a r r a n g e d ,  l a r g e  a n g u l a r  and d e ep l y  s t a i n i n g .  C au da l l y  t h e  
two l aminae
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merge t o g e t h e r .  As t h e  n u c le u s  r e c e d e s  t h e  a lp h a  segment
fo rm s  an o u t e r  s e m i c i r c u l a r  s h e l l  of c l o s e l y  packed c e l l s  
a ro u n d  t h e  l o o s e r  packed c e l l s  o f  t h e  b e ta  segm ent .  The 
b e t a  segment  i s  l o s t ,  l e a v i n g  th e  a lp h a  segment to  occupy 
i t s  sp a c e .  The a lpha  segment forms i n t o  a c i r c l e  of c e l l s ,  
and i s  g r a d u a l l y  l o s t  as  the  s u p e r i o r  c o l l i c u l u s  b e g i n s  t o  
a ppe a r .
As t h e  n u c le u s  b e g in s  i t  forms a m edia l  wing which 
f o l l o w s  t h e  v e n t r a l  c o n to u r  of th e  o p t i c  t r a c t .  At i t s  
g r e a t e s t  m ed ia l  e x t e n t .  t h e  m ed ia l  wing r e a c h e s  midway 
a lo n g  th e  m e d i o l a t e r a l  e x t e n t  of th e  d o r s a l  t h a l a m u s .  The 
wing e x t e n s i o n  c o n s i s t s ,  a l s o ,  of  two segm en ts ,  c e l l s  from 
th e  a lp h a  segment l y i n g  d o r s a l  t o  c e l l s  from t h e  b e t a  
segm ent .  The segments  do n o t  a p p e a r  to  be s u b d i v i d e d  i n t o  
l a m i n a e .  The v e n t r a l  e x t e n t  of t h e  m ed ia l  wing i s
d e t e r m i n e d  by t h e  media l  b o r d e r  of th e  b e ta  segment ,  which
e x t e n d s  from t h e  v e n t r a l  r e g i o n  of th e  d o r s a l  l a t e r a l  
g e n i c u l a t e  up to  m edia l  r e g io n  of th e  wing e x t e n s i o n .  The
c e l l s  of t h e  m ed ia l  wing a r e  l o s t  j u s t  p r i o r  t o  t h e  
d i s a p p e a r a n c e  of t h e  d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s .  
V e n t r a l  l a t e r a l  g e n i c u l a t e  n u c l e u s  (F ig .  3 . 0 ;  F ig .  3 .1 6  t o  
F ig .  3 .1 9 )
The v e n t r a l  l a t e r a l  g e n i c u l a t e  n u c le u s  i s  l o c a t e d  
d o r s a l  to  t h e  zona i n c e r t a ,  ZI, l a t e r a l  to  t h e  r e t i c u l a r  
n u c l e u s ,  RE, and m edia l  to  th e  o p t i c  t r a c t .  The n u c le u s  
c o n s i s t s  of a v a r i e t y  of c e l l  g ro u p s .  When i t  f i r s t  a p p e a r s  
i t  c o n t a i n s  s m a l l ,  round,  p a l e  s t a i n i n g  c e l l s  t h a t  a r e
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closely packed. As the nucleus expands medioventrally, the 
cells adjacent to the optic tract become elongated and 
deeply staining while large, round, pale staining, loosely 
packed cells appear in the centre of the nucleus amongst 
the smaller cells. Gradually the large cells expand 
radially replacing most of the smaller cells. Also, a small 
semicircular region of deeply staining, loosely packed, 
medium sized, fusiform shaped cells, appears medial to the 
cells adjacent to the optic tract and ventral to the dorsal 
lateral geniculate nucleus, LGD. The semicircular region is 
soon lost. The nucleus becomes encircled by small, fusiform 
shaped, pale staining, loosely packed cells. In the 
posterior half of the nucleus these join with the remaining 
small cells, that were first seen in the nucleus, and, 
which are now located dorsally between the dorsal and 
ventral lateral geniculate nuclei. The rest of the nucleus 
now contains the larger, sparsely spaced cells, which 
appear to be more deeply stained as the nucleus begins to 
recede. The elongated cells adjacent to the optic tract are 
now oval in shape. In the caudal region of the nucleus, the 
cells are very loosely arranged and are consequently 
displaced by cells of the principal medial geniculate 
nucleus, MGP.
3.3.17 Medial Geniculate Nuclei. The principal 
medial geniculate nucleus, MGP; the dorsal medial 
geniculate nucleus, MGD; and the magnocellular medial 
geniculate nucleus, MGM; make up the medial geniculate 
nuclei.
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Principal medial geniculate nucleus (Fig. 3.0; Fig. 3.18 to 
Fig. 3.26)
The principal nucleus becomes surrounded by a 
fibrous stria which separates it dorsally from both the 
dorsal lateral geniculate, LGD, and the pulvinar nucleus, 
PUL. Mediodorsally it is separated from the dorsal medial 
geniculate nucleus, medioventrally from the
subparafascicular nucleus, SPf, and ventrally from the few 
remaining cells of the zona incerta, ZI. Three regions are 
present within the principal nucleus, a core region which 
consists of small, angular, deeply staining and tightly 
packed cells, a marginal region which consists of small to 
medium sized, both angular and round shaped, deeply 
staining, loosely packed cells and a lateral region. The 
cells in the lateral region are medium sized, angular 
shaped, deeply staining and moderately packed. The core 
region appears first, circular shaped, in the lateroventral 
region of the posterior thalamus and is quickly surrounded 
by the marginal region medially, dorsally and laterally. 
The marginal region quickly expands both dorsolaterally and 
ventrolaterally thus forming together with the core region 
a rectangular nucleus. This region together with the 
posterior region of the posterior nucleus separate the 
optic tract from the cerebral peduncle, as the nuclear 
region extends laterally interposing itself between the two 
fibre tracts. As the core region expands dorsally 
substituting most of the dorsal area occupied by the
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marginal region, the marginal region extends laterally, 
merging with the lateral region. As the core region begins 
to recede dorsally, it also shifts laterally to lie dorsal 
to the marginal region. In the most caudal area of the 
principal medial geniculate nucleus, the three regions are 
no longer distinct as the nucleus forms a bulge protruding 
laterally from the rostral mesencephalon. The nucleus is 
gradually lost as the parabigeminal nucleus eventually 
appears.
Dorsal medial geniculate nucleus (Fig. 3.0; Fig. 3.19 to 
Fig. 3.24)
Just posterior to the appearance of the principal 
medial geniculate nucleus the dorsal medial geniculate 
nucleus appears dorsomedial to the principal nucleus. The 
nucleus remains separated from the principal nucleus by a 
fine fibrous stria. The nucleus forms a wedge shaped 
nucleus following the contour of the principal medial 
geniculate nucleus, as fibres surround all the medial 
geniculate nuclei. The cells are very small, moderately 
packed and deeply staining. The nucleus is bordered 
dorsomedially by the anterior pretectal nucleus, PTA, 
dorsally by the nucleus of the optic tract, OTN, and 
laterally by the principal medial geniculate nucleus. The 
nucleus expands, becoming oval shaped, its most ventral 
region now merging with cells of the subparafascicular 
nucleus, SPf. The nucleus decreases in area as it moves 
dorsolaterally, lying dorsal to the principal nucleus. The
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thin stria separating the dorsal nucleus from the principal 
nucleus is lost, but the cells of the dorsal nucleus remain 
distinct from those of the principal nucleus. The dorsal 
nucleus disappears just anterior to the disappearance of 
the principal nucleus.
Magnocellular medial geniculate nucleus (Fig. 3.0; Fig. 
3.22 to Fig. 3.26)
The magnocellular nucleus is present throughout 
the caudal half of the anteroposterior extent of the 
principal medial geniculate nucleus and always lies medial 
to it. The nucleus first appears lateral to the core region 
of the principal nucleus, separated from the 
subparafascircular nucleus SPf by the fibrous stria. The 
nucleus consists of large, deeply staining, angular cells 
that are very loosely arranged. The nucleus expands 
somewhat, forming into a crescent, coursing ventrolaterally 
around the core region of the principal nucleus. As the 
nucleus begins to recede the cells become closer packed and 
form into a circle. These cells become incorporated with 
the principal nucleus but, are easily distinguished from 
those of the principal nucleus due to their larae size.
The nucleus is lost toaether with the principal medial 
creniculate nucleus .
3.4 DISCUSSION
The dorsal thalamus of the wallaby is well 
differentiated and has a complicated nuclear organisation. 
Further, there is extensive resemblance between the nuclear
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Organisation of the dorsal thalamus of the metatherian 
Tammar wallaby and that of the eutherian cat and rat. Only 
very few features were found to be similar to those of 
other metatherian mammals, both American and Australian.
The anteroventral nucleus, within the anterior 
nuclei group, in the wallaby was found to retain its dorsal 
position throughout its anteroposterior extent. In the cat 
(Berman and Jones, '82), in the opossum (Oswaldo-Cruz and 
Rocha-Miranda, '67) and in the possum (Haight and Neylon,
'78a) the anteroventral nucleus towards the caudal half of
its anteroposterior extent is located ventral to the
lateral dorsal nucleus. The lateral dorsal nucleus in the
wallaby never capped the anteroventral nucleus. The
anterodorsal nucleus was found to lie always dorsal to the 
lateral dorsal nucleus. This would appear to be a unique 
anatomical feature of the wallaby. But, it is possible that 
other Australian marsupials also have this arrangement. 
Goldby ('41) also found that in the possum the
anteroventral nucleus retained its dorsal position for most
of its anteroposterior extent, moving ventrolaterally 
before disappearing. Although Ingram, et al. ('32)
described an interanterodorsal nucleus, IAD, in the cat, 
Berman and Jones ('82) did not recognise it as a separate 
nucleus. Thus far, IAD is present in all marsupials studied 
(Oswaldo-Cruz and Rocha-Miranda, '67; Haight and Neylon,
'78a, '81a). In the wallaby IADrostrally, is very distinct due to the 
deeply stained cells within it. Gurdjian (’27) suggested
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that in the rat IAD was the bed nucleus of the commissure
connecting the ipsilateral and contralateral anteriodorsal 
nuclei, AD. In the wallaby IAD caudally, is cytoarchitectonically 
similar to AD as well as being located in close proximity 
to it. However from the HRP study in the wallaby (Chapter 
5) IAD was shown to project to the frontal cortex, while AD 
projected to the cingulate cortex. These results suggest 
that in the wallaby IAD has separate functional properties 
to AD.
The midline nuclei are well developed in both the 
opossum and possum (Haight and Neylon, '78a). Goldby ('41) 
has suggested that their clear differentiation is a feature 
of a "primitive mammal". In the wallaby the midline nuclei 
were distinguishable but their border regions were often 
difficult to define on cytoarchitectonic criterion.
Comparatively the midline nuclei are much smaller in 
primates, particularly the rhomboid and parataenial nuclei, 
than they are in other eutherian mammals (Berman and Jones, 
'82 for review).
The rostral intralaminar nuclei described in the 
wallaby were similar cytoarchitectonically and in location 
to those of the cat (Berman and Jones, '82). The
intralaminar nuclei of the possum (Haight and Neylon, '78a) 
and opossum (Oswaldo-Cr uz and Rocha-Mi randa, '67) do not
appear to be as well differentiated as those of both the 
wallaby and the cat.
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The most interesting result from the description 
of the caudal intralaminar nuclei was the appearance of 
the centre median nucleus. This nucleus was not found 
previously in metatherian mammals (Bodian, '38; Goldy,
'41; Oswaldo-Cruz and Rocha-Miranda, '67; Haight and
Neyoon, '78a, '81a). Although the centre median nucleus
in the wallaby is extremely small when compared to that 
of the cat (Berman and Jones, '82), it was present in 
every brain that was examined. It is also interesting to 
note that in eutherian mammals the motor cortex (agranular) 
sends fibres to the centre median nucleus. The cytoarchi- 
tecture of the centre median nucleus in the wallaby is 
almost identical to that described in the cat as well as 
the location of the nucleus was similar in both animals.
In contrast the parafascicular and subparafascicular 
nuclei in the wallaby resemble more closely to those of 
other marsupials, the opossum (Bodian, '39) and possum 
(Goldby, '41) than to those of the cat. In marsupials 
the parafascicular and subparafascicular nuclei are 
much larger than those of the cat. Also, in the 
three species of marsupials the subparafascicular 
nucleus is located in close proximity to the medial 
geniculate nucleus. In the cat (Berman and Jones, '82) 
it is located only ventral to the parafascicular 
nucleus. These results suggest that in the wallaby, 
some of the intralaminar nuclei are beginning to show 
an eutherian thalamic organisation.
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In the wallaby most of the ventral nuclei were 
well differentiated as well as having many anatomical 
features in common with the cat. The only ventral nucleus 
poorly differentiated was the ventral anterior nucleus,
VA. This nucleus was difficult to distinguish from the 
ventrolateral nucleus, VL, cytoarchitectonically. Thus, 
in the rostral region of the ventral anterior lateral 
complex VA was described in a nuclear complex with VL.
The rest of the complex contained VL only. These results 
were supported by the HRP study. Although Haight and 
Neylon ('78a, '81a) claim that both the possum and native
cat have a cytoarchitectonically distinct ventral anterior 
nucleus, this was not found in the wallaby. Further, 
Berman and Jones ('82) found that in the cat the ventral 
anterior nucleus was difficult to distinguish cytoarchi­
tectonically from the ventrolateral nucleus.
The ventrolateral nucleus is quite small in 
area in the Tammar wallaby when compared to that of the 
cat. The small area occupied by the ventrolateral nucleus 
appears to be a common feature of all marsupials so far 
studied (the opposum, Oswaldo-Cruz and Rocha-Miranda,
'68, the possum, Haight and Neylon, '78a, and the native 
cat, Haight and Neylon, '81a). The small size of the 
ventrolateral nucleus in marsupials could be correlated 
to the lack of a separate, non-overlapped motor cortex 
(Lende, '63a) and consequently in the wallaby a separate 
agranular region of neocortex was not found (Chapter 4).
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The ventrobasal region of the opossum (Oswaldo- 
Cruz and Rocha-Miranda, '67, '68; Donoghue and Ebner,
'81a) is poorly differentiated, thus a medial and lateral 
division are not easily distinguished. In the possum 
(Rockel et al., '72; Haight and Neylon, '78a) and native
cat the medial and lateral regions are easily distinguished. 
The ventrobasal region of the wallaby consists of the 
ventral posterolateral, VPL, and ventral posteromedial,
VPM, nuclei. These nuclei are clearly cytoarchitectoni- 
cally distinct. VPM is quite large in area, and very 
distinct cytoarchitectonically. The VB region is very 
similar in appearance to that of the cat. The only 
difference is the small size of VPL when compared to 
that of the cat (Berman and Jones, '82). Most of the 
area of the ventrobasal region in the wallaby is allo­
cated to VPM.
In eutherian mammals (rat, cat, monkey) VPM 
has been shown to contain the head representation and 
VPL to contain the body representation. This information 
has been obtained from both anatomical and physiological 
studies, reviewed by Berman and Jones ('82).
Physiological (Pubols and Pubols, '66; Bombardieri et 
al., '75) and anatomical studies (Pubols, '68) have
shown the same topographical allocation, i.e., VPM 
contains the head representation and VPL the body 
representation for the opossum.
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The extensive head representation compared to 
the small body representation in VB, has also been 
reported for other marsupials (Pubols and Pubols, '66; 
sousa et al., '76). The extensive head representation 
in the thalamus, which is also seen in the sensorimotor 
cortex may be correlated to the grazing behaviour of 
the wallaby. The oral division of the ventromedial 
nucleus described in the wallaby is most likely homologous 
to the posteromedial ventroposterior nucleus, VPP, in 
the possum (Haight and Neylon, '78a), and to the basal 
ventromedial nucleus, VMB, in the cat (Berman and Jones, 
'82). Haight and Neylon ('78a, '78b) suggested that
VPP was involved with gustatory function since it 
projected to neocortical regions representing the lips 
and intraoral structures. However, this region, VMB, 
was described to have small cells in both rat and cat 
while in the wallaby the cells were found to be medial 
to large. For this reason the area was named the oral 
division of the ventromedial nucleus. A ventral 
posteroinferior nucleus, VPI, was identified in the 
dorsal thalamus of the wallaby. This nucleus had not 
been previously identified in any marsupials. The 
location and cytoarchitectonic appearance of VPI in the 
wallaby is very similar to that reported by Rinvik ('68) 
for the cat. Further studies are needed in the wallaby 
to confirm the identification of VPI and its functional 
properties.
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Three separate regions were identified forming 
part of the posterior nucleus, PO. It is evident 
that there is considerable confusion over the location 
and boundaries of this nucleus (Neylon and Haight, '84) 
in both eutherian and metatherian mammals. Hence the 
descriptions given here are to be taken as the most 
accurate estimate of the location of PO in the wallaby 
based on cytoarchitectonic descriptions of PO in the 
cat and possum. Further studies are needed to be 
carried out on the wallaby to further assess the 
location of PO as well as to determine its functional 
properties .
A lateral intermedian nucleus, LI, was identified 
in the dorsal thalamus of the opossum (Oswaldo-Cruz and 
Rocha-Miranda, ’67), the possum (Haight and Neylon, '78a)
and the native cat (Haight and Neylon, ’81a). However, LI 
was not found in the dorsal thalamus of the wallaby. A 
lateral dorsal nucleus was identified. This nucleus 
eventually occupied the area previously taken by AV. A 
similar thalamic organisation was described for the opossum
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(Diamond and Utley, *63). Whether LD in the wallaby is a 
homologue of LI in other marsupials could not be determined 
from the results from this study. The lateral anterior 
nucleus, LA, could be an anterior region of the lateral 
dorsal geniculate nucleus. However, since the 
cytoarchitectonics of the two nuclei are not similar, in 
the present study LA was included as part of the lateral 
nuclei. A lateral anterior nucleus was also found in both 
the opossum and possum.
The pulvinar nucleus was identified in the 
wallaby. This nucleus has not previously been described as 
a separate nucleus for marsupials. In other marsupials the 
lateral posterior nucleus occupies the area where the 
pulvinar nucleus was found in the wallaby. Perhaps the two 
nuclei, the lateral posterior and pulvinar, are equivalent 
in other marsupials (Royce et al., '76). In the wallaby the
two nuclei are cytoarchitectonically distinct, further, 
their cytoarchitecture is similar to that of the cat 
(Berman and Jones, '82). The region where the pulvinar 
nucleus was located does not receive direct retinal input 
(author's observations). The nucleus of the optic tract was 
located in the wallaby in a similar position to that of the 
cat. The nucleus receives direct retinal input (author's 
observation). In two American marsupial species, Didelphis 
virginiana and Marmosa mitis, (Royce et al., '76) the 
nucleus of the optic tract was found in a similar location 
as that found for the wallaby. The pretectal nuclei were
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found  t o  be h i g h l y  d i f f e r e n t i a t e d .  Four d i f f e r e n t  p r e t e c t a l  
n u c l e i  were  i d e n t i f i e d  i n  t h e  w a l l a b y  on t he  b a s i s  of t h e i r  
c y t o a r c h i t e c t u r e .
The r e s u l t s  from t h e  a u t o r a d i o g r a p h i c  s t u d y  of  t he  
macropod g e n i c u l a t e  r e v e a l e d  t h a t  t h e  a lp h a  segment  of t h e  
d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s ,  LGD, co u ld  be s u b d i v i d e d  
i n t o  f i v e  segments  (Sa nde r s on ,  e t  a l . ,  ' 8 4 ) .  In  t he  c aud a l  
r e g i o n  of t he  a l p h a 2 s egment ,  t h r e e  s u b d i v i s i o n s  co u ld  be 
s e en  from th e  a u t o r a d i o g r a p h i c  r e s u l t s .  However,  from th e  
cy t o a r c h i t e c t o n i c s  t h e s e  t h r e e  s u b d i v i s i o n s  cou ld  n o t  be 
d i f f e r e n t i a t e d .  The b e t a  segment  of  t h e  d o r s a l  l a t e r a l  
g e n i c u l a t e  n u c l e u s  was found t o  e x t e n d  more m e d i a l l y  t h a n  
had  been s u g g e s t e d  by Sande rson  e t  a l . ( ' 8 4 ,  see  F ig .  10A, 
p . 9 7 ) .  Also two l am in ae  i n  t he  b e t a  segment  cou ld  be e a s i l y  
i d e n t i f i e d  c y t o a r c h i t e c t o n i c a l l y . The media l  wing of  t h e  
d o r s a l  l a t e r a l  g e n i c u l a t e  n u c l e u s  had no t  been p r e v i o u s l y  
i d e n t i f i e d .  The medial  wing r e c e i v e s  d i r e c t  r e t i n a l  i n p u t  
( s ee  Sande r son  e t  a l . , ' 8 4 ,  F i g .  11,  p . 98)  . An
i n t e r g e n i c u l a t e  l e a f l e t  was no t  found i n  t h e  w a l l a b y .  Al l  
t h e  v i s u a l l y  r e l a t e d  n u c l e i  show e x t e n s i v e  d i f f e r e n t i a t i o n  
e q u a l l i n g  t h a t  of  e u t h e r i a n  mammals e . g .  t h e  c a t .  T h i s  a l s o  
s u g g e s t s  a more c o m p l i c a t e d  and s e g r e g a t e d  v i s u a l  
o r g a n i s a t i o n  which i s  no t  s een  i n  t h e  opossum (Royce,  e t .  
a l . ,  ' 76 )  nor  t he  possum ( Pa ck e r ,  ' 4 1 ;  Hayhow, ' 6 7 ) .
In  t h e  possum Rocke l ,  e t  a l . { ' 1 2 ) and H a ig h t  and
Neylon (*78a) d e f i n e d  two r e g i o n s  w i t h i n  t h e  medi a l  
g e n i c u l a t e ,  however A i t k i n  and Ga t e s  ( ' 83 )  d e f i n e d  t h r e e
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regions based on cytoarchitecture and physiology. However 
the general opinion from thalamic studies on the opossum 
and possum is that the medial geniculate nucleus cannot not 
be easily differentiated into subregions. In the wallaby 
the medial geniculate nuclei were found to be highly 
differentiated. Three nuclei were disinguished on the basis 
of their cytoarchitectonics. Also within the principal
medial geniculate nucleus three subregions were easily 
distinguished. The cell group identified as the dorsal 
medial geniculate nucleus, has been claimed in the possum
to be part of the posterior nucleus (Rockel, et al. , '72).
Since in the wallaby this cell group throughout its
anteroposterior extent was closely associated with the 
other medial geniculate nuclei, the cell group was included 
as part of the medial geniculate nuclei rather than part of 
the posterior nuclei.
3.5 CONCLUDING REMARKS
This study has shown that the dorsal thalamus of 
the Tammar wallaby, Macropus eugenii, a metatherian mammal 
has many features similar to that of the rat and cat, both 
representatives of eutherian mammals. The dorsal thalamus 
of the wallaby exhibits extensive differentiation of nuclei 
which are organised in a complicated plan similar to that 
of eutherian mammals. These results show that the thalamic 
neurological features of the wallaby are more advanced when 
compared to other marsupials both Australian and American. 
The results of this study support the findings of Kirsch 
('77) who showed, from a study on serological affinities,
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the genus Macropus to be among one of the most distant from 
the genus Didelphis. Further work is still needed to see 
whether serological distances are a true indication of 
evolutionary advancement. Particularly among members of the 
same genus such as Macropus or the same family,
Macropodidae which have been shown to have the same or 
similar serological affinities, resulting in no or very 
little serological distance among these species. Hence it 
would be of interest to see whether neurol ogically these 
species are also similar. The results of this study show 
that the genus Macropus is the most neurologically 
evolutionary advanced marsupials so far studied.
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F i g .  3 .0  (a t o  f )  Drawings  of  f r o n t a l  t h i o n i n  s t a i n e d  
s e c t i o n s  of t h e  t ha l am us  of t h e  w a l l a b y .  Leve l  a i s  most  
a n t e r i o r  l e v e l  f  i s  most  p o s t e r i o r .  The p o s i t i o n  of t h e  
l e v e l  of t he  d r aw ing s  a p p r o x i m a t e l y  c o r r e s p o n d s  t o  eve ry  
f o u r t h  pho t omi c ro g r ap h  shown i n  F i g s .  3 . 1  t o  3 . 2 6 .
AV
AD
VL
VPL
VM
VPM
PO
LGD
MGP
g
ROSTRAL
m m
CAUDAL
F i g .  3 . 0 g  R o s t r o c a u d a l  e x t e n t  of s e l e c t e d  t h a l a m i c  n u c l e i  
of t h e  w a l l a b y .
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Figs. 3.1 to 3.26 Series of photomicrographs of thionin 
stained section in the coronal plane through the dorsal 
thalamus of the wallaby. Fig. 3.1 is representing the most 
anterior region of the dorsal thalamus while Fig. 3.26 
represents the most caudal region. The levels are taken at 
every 0.4mm unless stated otherwise.
Figs. 3.1, 3.2
AM anteromedial nucleus 
AV anteroventral nucleus 
fa fasciculus arberrans 
ms medullary stria 
MV medioventral nucleus 
PV paraventricular nucleus 
RE reticular nucleus
RH rhomboid nucleus.
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F i g s .  3 . 3 ,  3 . 4
AM a n t e r o m e d i a l  nuc leuis  
AV a n t e r o v e n t r a l  n u c l e u s  
IAD i n t e r a n t e r o d o r s a l  muc l eus  
ms m e d u l l a r y  s t r i a  
MV m e d i o v e n t r a l  n u c l e u s  
o t  o p t i c  t r a c t  
PT p a r a t a e n i a l  n u c l e u s  
PV p a r a v e n t r i c u l a r  n u c l e u s  
RE r e t i c u l a r  n u c l e u s  
RH rhomboid n u c l e u s
VAL v e n t r a l  a n t e r i o r  l a t e r a l  complex
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Figs. 3.5, 3.6
AD anterodorsal nucleus
AM anteromedial nucleus
AV anteroventral nucleus
CL central lateral nucleus 
IAD interanterodorsal nucleus 
MD mediodorsal nucleus 
MV medioventral nucleus 
PT parataenial nucleus 
PV paraventricular nucleus 
RE reticular nucleus 
RH rhomboid nucleus 
SUM submedial nucleus 
VL ventrolateral nucleus
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]Figs. 3.7, 3.8
AD anterodorsal nucleus
AV anteroventral nucleus
CL central lateral nucleus
CMN central medial nucleus
eml external medullary lamina
iml internal medullary lamina
LD lateral dorsal nucleus
MD mediodorsal nucleus
PC paracentral nucleus
RE reticular nucleus
RH rhomboid nucleus
VL ventrolateral nucleus
VM ventromedial nucleus
VPL ventral posterolateral nucleus
VPM ventral posteromedial nucleus
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Figs. 3.9, 3.10
AD anterodorsal nucleus
AV anteroventral nucleus
CL central lateral nucleus
CMN central medial nucleus
eml external medullary lamina
iml internal medullary lamina
LD lateral dorsal nucleus
LP lateral posterior nucleus
MD mediodorsal nucleus
PC paracentral nucleus
RE reticular nucleus
VM ventromedial nucleus
VPL ventral posterolateral nucleus
VPM ventral posteromedial nucleus
ZI zona incerta
* Figs 3.8 to 3.10 are 0.2 mm apart.
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Figs. 3.11r 3.12
AD anterodorsal nucleus 
CL central lateral nucleus 
eml external medullary nucleus 
HL lateral habenular nucleus 
iml internal medullary lamina 
LA lateral anterior nucleus 
LD lateral dorsal nucleus 
LP lateral posterior nucleus 
MD mediodorsal nucleus
PC paracentral nucleus
PO posterior nucleus
RE reticular nucleus
SUB subthalamic nucleus
VL ventrolateral nucleus 
VM ventromedial nucleus
VMO oral division of the ventromedial nucleus 
VPL ventral posterolateral nucleus 
VPM ventral posteromedial nucleus 
ZI zona incerta
VPI ventral posteroinferior nucleus
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Figs. 3.13, 3.14
CL
eml
FF
HL
HM
iml
LD
LP
PC
PO
RE
SUB
VM
VPI
VPM
ZI
central lateral nucleus 
external medullary nucleus 
nucleus of the fields of Forel 
lateral habenular nucleus 
medial habenular nucleus 
internal medullary lamina 
lateral dorsal nucleus 
lateral posterior nucleus 
paracentral nucleus 
posterior nucleus 
reticular nucleus 
subthalamic nucleus 
ventromedial nucleus 
ventral posteroinferior nucleus 
ventral posteromedial nucleus 
zona incerta
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Figs. 3.15, 3.16
CL central lateral nucleus
HM medial habenular nucleus
LGD dorsal lateral geniculate nucleus
LGV ventral lateral geniculate nucleus
LP lateral posterior nucleus
MD mediodorsal nucleus
Pf parafascicular nucleus
PO posterior nucleus
rf retroflexus bundle
VM ventromedial nucleus
VPM ventral posteromedial nucleus
ZI zona incerta
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Figs. 3.17, 3.18
CM centre median nucleus
hb habenular commissure
LGD dorsal lateral geniculate nucleus
LGV ventral lateral geniculate nucleus
LP lateral posterior nucleus
MD mediodorsal nucleus
Pf parafascicular nucleus
PO posterior nucleus
PTA anterior pretectal nucleus
rf retroflexus bundle
SPf subparafascicular nucleus
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Figs. 3.19, 3.20
LGD dorsal lateral geniculate nucleus
LP lateral posterior nucleus
MGD dorsal medial geniculate nucleus
MGP principal medial geniculate nucleus
OTN nucleus of the optic tract
pc posterior commissure
PO posterior nucleus
PTA anterior pretectal nucleus
PTM medial pretectal nucleus
PUL pulvinar nucleus
SG suprageniculate nucleus
SPf subparafascicular nucleus
a alpha segment of LGD
8 beta segment of LGD
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Figs. 3.21, 3.22
LGD dorsal lateral geniculate nucleus
MGD dorsal medial geniculate nucleus
MGM magnocellular medial geniculate nucleus
MGP principal medial geniculate nucleus
OTN nucleus of the optic tract
pc posterior commissure
PCN nucleus of the posterior commissure
PTA anterior pretectal nucleus
PTM medial pretectal nucleus
PTO olivary pretectal nucleus
PTP posterior pretectal nucleus
PUL pulvinar nucleus
SG suprageniculate nucleus
SPf subparafascicular nucleus
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Figs. 3.23, 3.24
MGD dorsal medial geniculate nucleus
MGM magnocellular medial geniculate nucleus
MGP principal medial geniculate nucleus
pc posterior commissure
PCN nucleus of the posterior commissure
PTO olivary pretectal nucleus
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Figs. 3.25r 3.26
MGP principal medial geniculate nucleus
PGA periaqueductal grey
PTP posterior pretectal nucleus
RN red nucleus
SC superior colliculus
CHAPTER 4
SU3U3UUL.CAL FEATURES AND CYTOARCHITECTONICS OF THE NEOCORTEX
OF THE TAMMAR WALLABY, MACROPUS EU G EN II
4.1 INTRODUCTION
Knowledge to date on the evolution of the 
mammalian neocortex arises primarily from comparative 
anatomical and physiological studies. Most of these studies 
have involved eutherian mammals, especially the more common 
laboratory animals (monkeys, cats and rats). The 
metatherian mammals, which are classified into two orders, 
the Polyprotodonts and Diprotodonts, have been studied to a
much lesser extent. The maj ority of the studies of
metatherian mammals have involved the North American
opossum (Didelohis virginiana) , which belongs, as do all 
other American marsupials, to the Polyprotodont order. Both 
polyprotodonts and diprotodonts are found amongst the 
Australian marsupials.
There are very few studies of this kind on 
Australian marsupials. The only major cytoarchitectonic 
study of the neocortex is that by Abbie ('42) on the 
bandicoot (Perameles nasuta), a polyprotodontid marsupial. 
There is no comprehensive description of the neocortical 
cytoarchitecture of any Australian diprotodontid marsupial.
There are however, several studies of specific 
cortical regions in both polyprotodontid and diprotodontid 
Australian marsupials. The cytoarchitectonics of the motor 
area of the neocortex was described for the diprotodontid 
possum by Goldby ('39) and for a number of different 
Australian marsupials by Abbie (’40). In this comparative 
study Abbie used several different polyprotodont species, 
as well as a number of different diprotodont species
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including two wallabies Macropus agilis and Macropus 
rufogriseus. Brodman ('09) gave a brief description of the 
cy toarchitectonic features of the neocortical motor and 
sensory regions of the black striped wallaby (Macropus 
eugenii). The cy toarchitectonic features of the visual 
cortex for the possum were described cursorilly by Packer 
(Ml) and in more detail by Haight et al. ('80). Also brief
descriptions were given for the visual neocortex of two 
macropodid species, Macropus dorsalis (Brodmann, '09) and 
Macropus brunii (Clark, '25). Adey and Kerr ('54) gave a 
short description of the neocortical somatosensory area of 
the possum, while Weller ('72) described the barrel field 
within this area also for the possum. Several brief 
descriptions are also available as part of major papers on 
the cytoarchitectonics of the entire neocortex of the 
possum (Martin and Megirian, '72; Haight et al. , '80; 
Neylon and Haight, '83).
The sulcal neocortical features of the neocortex 
of Australian metatherian mammals have also received little 
attention. This contrasts with the extensive work that has 
been done on eutherian mammals. These studies have 
established that there is a close relationship between the 
sulcal pattern and the representation of peripheral bodily 
regions in the somatic sensory area of the neocortex, for 
eutherian mammals (Welker et al.r '76; Welker and Carlton, 
'76) particularly those belonging to the Procyonidae family 
(Welker and Seidenstein, '59; Welker and Campos, '63). A 
similar functional correlation has also been reported in
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abstract form for two diprotodontid marsupial mammals, the 
possum (Haight and Weller, '73) and the wombat (Johnson et 
al., '73). It should be noted that most of these mammals, 
particularly the procyonidid mammals and the wombat have 
highly gyrencephalic neocortices.
The correlation between the neocortical sulcal 
pattern and somatic sensory representation of peripheral 
body regions has justified the introduction of a sulcal 
terminology relating the name of the sulcus to the 
peripheral body region it is demarcating (Welker and Campos 
'63). Johnson ('80) reviewed the fact that this correlation 
existed in a number of mammals, and proposed a general 
nomenclature for the sulci in the somatosensory areas of 
the mammalian neocortex according to the body regions they 
demarcate.
Although the general sulcal nomenclature does not 
appear to be suitable for cortices with few sulcal 
features, Johnson ('80) applied it to the few neocortical 
sulcal features of the tammar. Previous descriptions of the 
sulcal features of other macropodid (Macropus) mammalian 
brains are also inadequate. Ziehen (1897) used a
combination of Greek letters and eutherian homologies to 
label the sulcal features of several species of wallabies 
and kangaroos, both belonging to the genus Macropus. Elliot 
Smith ('02b) systematically homologised the sulci on the 
neocortical surface of the brain of several macropodid 
marsupial mammals with those seen in eutherian mammals.
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All these nomenclatures are awkward to use because
there are appreciable differences between neocortical 
sulcal features, not only of different species of the genus 
Macropus (Dillon, ,'63; Mayner, unpublished observations), 
but also of members of the same species. Even though there 
may be a common neocortical sulcal plan for the family 
Macropodidae (Haight and Murray, '81), the neocortices of 
the brain of the red (Macropus rufus) and grey (Macropus 
grevi) kangaroo are extensively convoluted (Dillon, '63; 
Haight and Murray, '81; Mayner, unpublished observations), 
while those of the brains of the wallabies, Macropus 
rufogriseus (Dillon '63) and, Macropus eugenii, (Mayner, 
unpublished observations) have few convolutions. Thus to 
date there is no adequate description or nomenclature for 
the neocortical sulcal features of the genus Macropus.
The aim of this report is to give a comprehensive 
qualitative description of the cytoarchitectonics of the 
neocortex of the tammar, Macropus eugenii, a diprotodontid 
marsupial, from the little studied Macropodidae family. The 
results of this study will be compared to those of both 
eutherian and metatherian mammals and an assessment will be 
made of the extent of neurologically advanced features of 
the neocortex of the wallaby. Further, in this report the 
sulcal features of the neocortex of the Tammar wallaby are 
described and named, giving special consideration to 
determining the most consistent pattern of sulcal features, 
as well as the description of the cytoarchitectonics of the 
neocortex and the physiological results from the study of
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Lende ('63a). In this report references are made to the HRP 
pathway tracing studies which are reported in subsequent 
chapters.
4.2 MATERIALS AND METHODS
Brains from 53 Tammar wallabies (Macropus eugenii) 
were used to compare the neocortical sulcal features. Most 
of these brains were from wallabies used in this project. 
Seven wallabies were used for the cytoarchitectonic study. 
Since these were the wallabies also used for the dorsal 
thalamic study reported in Chapter 3 the histological 
procedure was the same as that described in Chapter 3 part
3.2 of the Materials and Methods.
4.3 RESULTS
Six different cytoarchitectonic regions were 
identified. The sulci on the surface of the neocortex do 
not always delineate the different cytoarchitectonic 
regions (Figs. 4.1, 4.2). The regions were named according 
to the apparent common mammalian plan. These regions are 
frontal, parietal, temporal, occipital, insular and 
cingulate. From both this study and the HRP study (see 
Chapter 5) as well as the physiological study of Lende 
('63a), several regions were found to contain areas 
pertaining to different functional modalities.
The neocortical lamination in the brain of the 
wallaby was classified according to Brodmann's (’09) scheme 
of a basic six layered neocortex. It should be noted that 
the total width of the neocortical mantle and subsequently, 
each individual layer within it is dependent on the angle
4.6
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Fig. 4.1 a-d. Diagrammatic representation of the brain of 
the tammar. Drawings a and b show the lateral and medial 
regional subdivisions of the cortex, c and d illustrate the 
respective sulcal nomenclature for the lateral and medial 
cortical surfaces. The bar equals 5. 0 mm.
(s e n s o r im o t o rA 17
FRONTAL
A 18
AUDITORY
VISUAL
SENSORIMOTORCINGULATE
A 17
FRONTAL
Fig. 4.2. Drawings showing the
different cytoarchitectonic regions within 
the wallaby. Figure a is a lateral view 
figure b, is a medial view. Bar equals 5 nm.
location of the 
the cortex of 
of the brain,
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Plate I. A series of photographs of the brain of the tammar 
(Macropus eugenii) showing the variability of the
neocortical sulci. The numbers followed by an a denote the 
lateral view of the brain while those followed by a b 
denote a 45° view. Matching number eg (la and lb) signify 
the same brain in a lateral and 45° view. Some brains are 
from wallabies used for the pathway tracing study, thus the 
neocortical surface contains the injection marks on it 
(brain number 4) .
4.9

Plate I 5-9. Brain number 5, like brain number 4, came from 
a wallaby used for tracing studies, hence the injection 
marks on the neocortical surface.
Brains 8 and 9 do not have a corresponding 45° 
view because their features were already seen in brains 
shown from 1 to 7.
4.10

Pl a t e  I I .  P h o t o g r a p h s  o f  t h e  m e d i a l  v i e w  of  two d i f f e r e n t  
Drains f r o m  t h e  t ammar  (Mac r opus  e u g e n i i ) . The s u l c a l  
f e a t u r e  o f  i n t e r e s t  shown i n  t h e s e  p h o t o g r a p h s  i s  t h e  
/ e i t r a l  r e g i o n  o f  t h e  m e d i a l  f r o n t a l  a n d  m e d i a l  p a r i e t a l  
3 u c i .
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of the plane of section. Since for most neocortical points 
the plane of section would not be at right angles to the 
pial surface, the width of the neocortical mantle and the 
layers within it are only relative qualitative 
measurements. Nonetheless, the relative width of the 
neocortical mantle of each region within each individual 
brain can be discussed comparatively.
The description of the insular and cinqulate 
regions have been included in this chapter although 
they are part of the limbic system and probably 
part of the allocortex. A description of the cingulate and 
insular regions is given in this report since both regions 
are highly relevant to the subsequent chapter on the HRP 
(hodological) connectivity studies.
The description of the cytoarchitecture of the 
neocortex given in this chapter is described as viewed from 
frontal sections of the neocortex from the rostral region 
of the brain towards the caudal pole.
4.3.1. Neocortical cellular architecture. The 
cellular components of each of the six neocortical layers 
found in the brain of the tammar closely resemble the 
cellular components that have been described for eutherian 
mammals by Cajal and Brodmann (Sanides, '72; Sholl, '56). A 
general description of the cellular components is given 
below. Where deviations from the general descriptions 
occur, they will be considered individually for each 
neocortical region.
4.12
Layer I (Fig. 4.3; Fig. 4.4a)
This layer has very few neurons, the cell bodies range 
from small to medium and large sized and vary in shape from 
round to pyramidal. The cell bodies vary from the deeply 
staining large cells to moderate and pale staining of the 
smaller cells. Most of the cell bodies are oriented 
parallel to the pial surface, while some are also oriented 
vertically. This layer is quite wide throughout the entire 
neocortex.
Layer II (Fig. 4.3; Fig. 4.4b)
This layer is generally well demarcated containing 
small to medium sized round and pyramidal shaped cells. The 
cell bodies stain deeply and are densely packed. Dendritic 
processes are seen penetrating into layer I. It is by far 
the narrowest layer out of the six layers.
Layer III (Fig. 4.3; Fig. 4.4c)
This layer consists of medium to large pyramidal 
cells, the cell bodies are pale staining and moderately
packed. Some cells have prominent apical dendrites pointed 
towards layer II. This layer is probably overall the widest 
layer in the neocortex of the wallaby. In some regions it 
varies in its width and the shape of its cellular
components.
Layer IV (Fig. 4.3; Fig. 4.4d)
This layer is composed of small, moderate to 
deeply staining granule cells. The cells are generally 
densely packed. It is not a wide layer however in some
sensory areas its width is extensively increased. It also
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varies in its cell packing qualities especially from 
sensory to non-sensory regions.
Layer V (Fig. 4.3; Fig. 4.4e)
There are clearly at least two populations of
cells in this layer. There are the deep staining large
pyramidal cell bodies with prominent apical dendrites as
well as other dendritic processes, and the slightly smaller 
pyramidal cell bodies that are paler staining. There are
also numerous small to medium sized round cell bodies 
either pale or quite deeply staining. The cells in this 
layer are moderately to loosely packed. It is a wide layer, 
at times as wide as layer III. The variations occur in the 
presence or absence of the large pyramidal cells and also 
in its width.
Layer VI (Fig. 4.3; Fig. 4.4f)
The cell bodies of this layer are pseudopyramidal 
in shape, small and deeply staining. All cell bodies have 
very prominent apical dendrites. It is generally a wide 
layer consisting of two parts. The upper (outer) region 
where the cells are closely packed and a lower (inner) 
region where the cells are loosely packed due to the 
interpolation with the fibres from the white matter. In the 
inner region very few cell bodies are horizontally 
oriented, few cell bodies even have apical dendrites 
oriented towards the white matter. The cell bodies of layer 
VI are usually arranged in horizontal rows giving sub 
layered appearance.
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FFfi 4.4 a-f. High power photomicrographs of thionin 
£S3tned cells. Cellular characteristics of each of the 
£S3i layers in the sensorimotor neocortex of the wallaby 
a air shown.
I - layer I is a cell sparse layer
II — layer II is a very narrow layer
containing densely packed and deeply
stained cells.
III - layer III is a wide layer with small
pyramidal cells.
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dV
I'V - layer IV contains granule cells and is
most prominent in sensory regions.
’V - layer V contains the characteristic
large pyramidal cells.
VI - layer VI has small closely packed
pseudopyramidal cells with prominent
*apical dendrites. Arrowed is a cell with 
its apical dendrite heading towards the 
white matter. The majority of the cells 
in layer VI have their apical dendrites 
heading towards layer V.
* This cell is turned 180° with respect 
to layer I.
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4.3.2 Frontal region. This is the most rostral 
region of the neocortex and is bordered by three sulci and 
the insular region.
Sulcal features. On the lateral neocortical surface in the 
frontal region two sulci are always present (Fig. 4.1), the 
prefrontal sulcus and the frontal orbital sulcus. The term 
orbital is a carry over from the nomenclature of Elliot 
Smith ('02b) and a number of other authors who considered 
this sulcus to correspond to the orbital sulcus in 
metatherian mammals. Johnson ('77) also criticises the 
usage of the term orbital for denoting this sulcus and 
there seems no reason to retain it, thus leaving the name 
as the frontal sulcus.
The prefrontal sulcus was always present as a 
rather shallow sulcus and varying in its rostral-caudal 
extent (Plate I, 1 to 9) . Rostrally, it never extends so 
far as to reach the very rostral edge of the frontal region 
of the neocortex. Caudally, it either reaches the vicinity 
of the frontal sulcus (Plate I, 6, 8) or it extends as far 
as the frontal sulcus (Plate I, 1, 2) where the two sulci 
j oin.
The frontal sulcus courses in the coronal plane and 
is approximately perpendicular to the prefrontal sulcus. It 
varies both in depth and its dorsolateral extent. Dorsally 
it does not extend further than the level of the prefrontal 
sulcus, ventrally at times it extends so far as to reach 
the rhinal sulcus. Compare Plate I, 4, 4 and 7 which show a 
quite curtailed and shallow frontal sulcus, with Plate I, 2
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and 3 where the sulcus is deep and reaches the rhinal
sulcus. The frontal sulcus separates the frontal region
from the parietal region. On the medial wall of the frontal
region there is the medial frontal sulcus which separates 
the medial region of the frontal area from the medial
parietal area. The medial frontal sulcus sometimes reaches 
ventrally to join with the medial parietal sulcus (Plate 
II, 1). But, at times appears to form a V shape at this 
ventral region with a short sulcus running parallel to the 
medial parietal sulcus (Plate II, 2). This small sulcus 
could be part of the medial parietal sulcus which has 
failed to join with the rest of the sulcus.
Cytoarchitectonic features. The rostral pole of the frontal 
region contains six layers, layers II and IV being narrower 
than the other four layers. About midway along the anterior 
to posterior extent a number of different areas appear in 
the ventral half of the frontal region. In the medial 
region, in the ventral half of the cortex layer IV is lost 
while at the same time a layer of sparser cell density 
appears between layers V and VI. In the ventral area of the 
frontal region a number of layers either combine together 
or end. Hence in this ventral area only a few layers are 
distinguishable. The ventral medial and ventral areas 
eventually differentiate into olfactory related region. The 
lateral ventral area of the frontal region, rostral to the 
frontal sulcus becomes the agranular insular region and 
caudal to the frontal sulcus is the granular insular 
region. Also midway along the anteroposterior extent of the
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frontal region the dorsal half of the medial region is now 
part of the medial parietal region. This region will be 
discussed in the following section.
The dorsal convexity of the frontal region,
bordered laterally by the prefrontal sulcus, becomes
cytoarchitectonically continuous with the medial parietal 
region. Both dorsal and medial areas contain six layers 
including an inner layer of sparser cell density (Figs. 
4.5, 4.6a and b) . The lateral area of the frontal region
also contains six layers as does the dorsal convexity but 
the sparser cell layer between layers V and VI is not seen 
until the parietal region (Figs. 4.5, 4.6c). Layer I is
particularly wide throughout the frontal region (Fig. 4.7). 
In a number of regions in particular the frontal region 
cells in layers III and V appear elongated, this is 
accentuated in the convexity areas.
S umma ry
The prefrontal sulcus could be demarcating two 
different neocortical areas within the frontal region, 
since the dorsal convexity of the frontal region, was shown 
to contain an inner layer of sparser cell density which is 
not present in the lateral region. However from the results 
of the HRP hodological studies this sulcus may not 
demarcate functionally different areas since HRP injections 
into the mediodorsal nucleus revealed this nucleus to 
receive projections from both dorsal and lateral areas. In 
all three areas medial, dorsal and lateral both layers IV
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FFiic 4 . 5 .  Low power p h o to m ic ro g ra p h  of  a t h i o n i n  s t a i n e d ,  
cccoinal s e c t i o n  th r o u g h  th e  f r o n t a l  n e o c o r t i c a l  r e g i o n .  The 
pohhcomicrogr aph shows t h e  m edia l  i n n e r  l a y e r  of s p a r s e r  
cceel d e n s i t y  which  i s  n o t  p r e s e n t  i n  t h e  l a t e r a l
n a e e c o r t i c a l  r e g i o n .  Layer I I I  i s  wide as a r e  a l s o  l a y e r s  I 
aanncV. L ayer  IV i s  narrow b u t  i s  p r e s e n t .  The v e r t i c a l  l i n e  
aaccrss  t h e  d raw ing  of th e  b r a i n  i n d i c a t e s  t h e  l e v e l  of t h e  
sseacion .
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Fig. 4.6. Higher power photomicrograph of thionin stained, 
coronal sections through the frontal neocortical region. 
Photograph a shows the medial frontal region while, b and c 
show the lateral frontal region. The region shown in 
photograph b is from the dorsal covexity area and c is from 
the lateral area of the frontal region. The arrow in 
photograph a is pointing to the cell sparse inner layer. 
The vertical line through the brain drawing is indicating 
the position of the section while the horizontal dash is 
indicating the position of the photomicrograph. This system 
is used throughout chapter 4 to indicate the location of 
the photomicrographs.
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Fig. 4.7. Low power photomicrograph of a thionin stained, 
horizontal section. The arrow in the photograph is pointing 
to the frontal sulcus. There is a striking difference 
between the width of layer I of the frontal region and that 
of the parietal region. Other differences are the 
prominent layer IV and the inner cell sparse layer of the 
parietal region which are not present in the lateral 
frontal region. The frontal sulcus delineates different 
cytoarchitectonic regions. The squared region on the 
drawing of the brain represents the area shown in the 
photomicrograph.
FR — Frontal region
PA - parietal region
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and V were seen. However layer IV was not as prominent as 
that seen in the parietal region nor were the pyramidal 
cells seen in layer V as large as those in the parietal 
region. Nonetheless, Abbie ('40) using unipolar electrical 
stimulation was able to evoke motor responses only from the 
dorsal convexity area of the frontal neocortical region in 
a large wallaby (Macropus rufogriseus) . (It is difficult to 
conclude whether the dorsal convexity area is part of the 
frontal region or whether it may be part of the parietal 
region. Until shown otherwise the dorsal convexity area 
will be referred to as part of the frontal region.)
4.3.3 Parietal region. The medial parietal region 
is bordered rostrally by medial frontal sulcus and caudally 
by the medial parietal sulcus. Laterally, within the 
parietal region there are two sulci the parietal and 
preparietal sulci.
Sulcal features. Shown in Plate I, is the most consistent 
form of the sulcus, extending just to the rhinal sulcus or 
its vicinity, ventrally and coursing dorsally in a loop. 
Dorsally it sometimes joins with the cingulate sulcus or 
disappears in its vicinity (Plate I, 2, 3). At times the
dorsal part of the sulcus courses rostrally towards the 
frontal sulcus (Plate I, 7b) but it never reaches or joins 
it.
The parietal sulcus exhibits great variation in 
its depth and shape as shown in Plate I, 5 at its greatest 
depth and shown in Plate I, 6 where it is quite shallow. 
Sometimes in the mid-lateral region of the sulcus there is
4.24
a split, (Plate I, 3, 4) and at times this split is just
continuous with its upper portion shown in Plate I, 8. The 
split in the sulcus is a variation of the loop form and
thus, the two parts should not be labelled separately. Out 
of the 108 hemispheres examined, this split was seen in
only 5 hemispheres. In the dorsal region the parietal 
sulcus is separating two different cytoarchitectonic 
regions, the parietal region from the posterior pariel
region which is within the occipital region (Fig. 4.8). The 
lateral region of the parietal sulcus is delineating 
similar cytoarchitectonic regions namely the parietal 
region and auditory region (Fig. 4.12).
At times, the sulcal features of the left 
hemisphere were not similar to those of the right 
hemisphere, compare Plate I, 2 and 3. On the medial wall, 
the medial parietal sulcus separates the parietal region 
from the cingulate region see Plate II, 1. Occasionally 
this medial sulcus reaches over the medial border, Plate I, 
2b and 7b.
The preparietal sulcus is situated between the 
frontal sulcus and the parietal sulcus, Figure 4.1. This is
the most inconsistent sulcus, perhaps for this reason it
has been given as many names by as many authors (see Table 
4.1). In some brains it is present as a slight indentation 
(Plate I, 6) or not present at all (Plate I, 8). The most
consistent placement of this sulcus is seen in Plate I, 1
where it extends ventrally, reaching the rhinal sulcus, and 
coursing dorsally, perpendicular to it. The dorsal extent
4.25

Fig. 4.8. Low power photomicrograph of a thionin stained, 
horizontal section showing the dorsal region of the 
parietal sulcus, which is separating two different
cytoarchitectonic regions, the parietal region rostrally 
from the posterior parietal region caudally.
PA — parietal region
PP - posterior parietal (within
occipital region)
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varies from reaching half way (Plate I, 1) or nearly up to 
the dorsal region of the parietal sulcus (Plate I, 5). 
Shown in Plate I, 9 is an example where the preparietal 
sulcus courses parallel to the ventral region of the 
parietal sulcus, and in Plate I, 7 a sulcus coursing 
parallel to both the parietal and preparietal sulcus is 
also present. The preparietal sulcus does not appear to be 
delineating different cytoarchitectonic regions within the 
parietal region (Fig. 4.9). Most laterally, it separates 
the insular region from the ventral parietal region, these 
regions are cytoarchitectonically different.
Cytoarchitectonic features. In the rostral half of the 
medial parietal region the total width of the 6 layers is 
quite narrow. From the caudal half, which coincides with 
the lateral neocortical region, posterior to the frontal 
sulcus, the total width of the layers widens considerably. 
In the medial parietal area six layers are always present 
plus a prominent cell sparse layer between layers V and VI 
(Fig. 4.10). In the rostral half layer III is the widest 
layer, layers V and VI being slightly narrower, and layers 
II and IV being considerably narrower. As the caudal half 
is reached layers IV, and V and VI widen considerably as 
well as the cells in layer IV appear more closely packed. 
More caudally layer III narrows while layers IV, V and VI 
remain wide, and are equal in width.
The parietal region, dorsal and lateral areas, is 
bordered rostrally by the frontal sulcus, caudally by the 
parietal sulcus, ventrally by the insular region rostrally
4.27

Fig. 4.9. Low power photomicrograph of a thionin stained, 
horizontal section of the preparietal sulcus (black 
arrovwhead) , which does not separate cytoarchitectonically 
different areas within the parietal region. The empty 
arrovwhead is pointing to the parietal sulcus. The region 
S rec:ei>es projections from VP only, while the area SM 
receilvei projections from VP (sensory) and VL (cerebellar- 
motor:) .
*
S - sensory relay only
★
SM - sensorimotor relay
* jsee Appendix II
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Table 4.1. A listing of the various nomenclatures not only 
for different spieces of macropus but also for the same 
macropus species.
pss - pseudosylvian fissure
L - labial sulcus
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and the rhinal sulcus caudally (Fig. 4.1). Dorsally it is 
bordered by the medial parietal region and dorsocaudally by 
the cingulate region. Layer I is not as wide as that found 
in the frontal region (Figure 4.7), while layer II remains 
prominent and narrow. Layer III is exceedingly wide, 
sometimes wider than either layers V or VI. Layer IV is
wide and exceptionally prominent with closely packed, 
densely staining granule cells that the outline of this 
layer is visible on a counterstained section without the
aid of a microscope (Figure 4.10). At times layer IV is as 
wide as layers III and V (Figure 4.11). In the parietal 
region layer IV is more prominent in both width and 
probably cell packing density than it is in the occipital 
region. Layer V is also very wide. It contains some very 
large deeply staining pyramidal cells, which could be an 
equivalent to the eutherian Betz cells (Fig. 4.4e). Within 
this layer there are also medium and small round or 
pyramidal shaped cell bodies. There is a prominent inner 
cell sparse layer between layers V and VI (Figure 4.11). 
This inner layer is just above layer VI, which gives layer 
V the appearance of containing two sublayers. The large 
pyramidal cells are located in the upper region of layer V 
which appear more densely packed than the lower region due
to the presence of the cell sparse layer. Layer VI is
extremely wide in a number of places and at times also 
appears to contain two sublayers due to the infiltrating 
fibres of the white matter. For this reason, the cell 
bodies are more densely packed in the upper region than the
4.30

Figg4.t.l0. A low power photomicrograph of a thionin stained 
corrcod section through the parietal region. Layer IV is 
verryy>rominent throughout the sensorimotor region. The cell 
spaatr; layer between layers V and VI is also prominent. The 
dorrrsi convexity contains the body representation while the 
latteed region contains the face representation. The black 
arrrco\ead is pointing to the neocortical mantle depression, 
thee? mpty arrowhead is pointing to the medial parietal
sulltc:.
CIN cingulate region
B-SM body representation area in 
the sensorimotor parietal 
region (Lende, '63a)
H-SM head representation area in
the sensorimotor
region (Lende, '63a)
parietal
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u
Fig. 4.11. Hijher power photomicrographs of tiionin 
stained, fronntai sections through several areas of the 
parietal regiton. The photographs show the very proninent 
layer IV whichh i> found throughout the sensorimotor region. 
Photographs a anj b are taken in the region of sensorimotor 
overlap while ph>tograph c is from the sensory region which 
does not contaain overlap with the motor region.
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lower region. Sometimes it is very difficult to clearly 
delineate the border between layer VI and the white matter.
Summary
The parietal sulcus has been given various names 
and subdivided into a number of parts by various authors as 
is shown in Table 4.1. Elliot Smith named it the 
suprasylvian sulcus since it looked similar to that sulcus 
in eutherian mammals. However in the cat, the suprasylvian 
sulcus demarcates a region mostly involved with auditory 
function (Andersen, et al., '80). In the wallaby the region 
demarcated by the parietal sulcus is involved with 
sensorimotor function (Lende, ’63a).
The jugular sulcus (Johnson, '80) was not 
identified in any of the brains examined. Nonetheless, 
there is a very slight depression where the dorsal 
convexity of parietal region in the neocortex continues 
with the lateral region (black arrowhead in Fig. 4.10). 
This depression could easily give the impression that a 
sulcus is present.
The medial parietal region always appears to be 
cytoarchitectonically similar to the adjoining dorsal 
region, both in the frontal and parietal regions. Perhaps 
this is suggestive that two different areas with different 
functional modalities are present one in the rostral medial 
parietal region the other in the caudal medial parietal 
region. This suggestion is supported from the results of 
the HRP tracing study, where an HRP injection into the
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thalamic VP and VL regions failed to retrogradely label cells in the
rostral medial parietal region (Chapter 5). Physiological 
evidence is needed to give further support to this 
suggestion.
Peripheral bodily parts are represented in the 
dorsal and lateral areas of the parietal sensorimotor 
region (Lende, '63a). The body part being represented in 
the medial and dorsal areas while the head part is 
represented in the lateral area of the parietal region. In 
the dorsal area the neocortical mantle width was found to 
be narrower than the lateral neocortical mantle. The 
greater neocortical width of the lateral area is an overall 
increase in width of all the layers. The difference is 
neocortical width of the body and head sensorimotor regions
I
has also been reported for the possum (Martin and Megirian, 
'72; Haight et al., '80; Neylon and Haight, ’83).
4.3.4 Temporal region. Only one sulcus is found 
within the temporal region and thus named accordingly as 
the temporal sulcus (Fig. 4.1). Both the auditory and 
ventral temporal areas are found in this region.
Sulcal features. The temporal sulcus is located in the 
ventral area of the temporal region. Like most other sulci 
already described, the temporal sulcus although always 
present varies in its depth. If Plate I, 8 and Plate I, 7 
are compared it is shown to vary from a shallow dimple to a 
deep sulcus. Where present, in a form deeper than just a 
shallow dimple, e.g. Plate I, 5, 6, 7, 9 it courses 
parallel to the ventral region of the parietal sulcus.
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Fig. <.12. A low power photomicrograph of the auditory 
regicom from a thionin stained, frontal section. The
convee:xty dorsal to it is the parietal region. The parietal
sulcuuss (arrowed) divides these two cytoarchitectonically
simillia regions. The feature to note is the presence of a
promiimcit layer IV in both sensory regions.
PA parietal region
AU auditory region
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The temporal sulcus separates the auditory region from the 
ventral temporal region. The latter region appears to be 
involved with visual function (Chapter 5).
Cytoarchitectonic features. The width of the neocortical 
mantle of the auditory area is as wide as that of the 
parietal region, as well as the layers have the same 
characteristics as those of the parietal region (Fig. 
4.12). These features are a very prominent and wide layer 
IV, a wide layer V containing large pyramidal cells as well 
as a prominent inner cell sparse layer between layers V and 
VI (Fig. 4.14). The cytoarchitectonic similarity between 
the two regions is probably indicative of their sensory 
modalities.
The ventral temporal area contains six layers but 
it is much narrower in total width than the auditory area. 
(Figs. 4.13, 4.14). Also an inner cell sparse layer is not.
present. layers V and VI have an unusual .-.speckled appearance; 
the cells in layer VI appear to be arranged in horizontal 
rows. This area eventually becomes cytoarchitectonically 
continuous with the occipital region.
Summary
The dorsal boundary of the auditory area is not 
delineated by any sulci (Fig. 4.16b), at times there is a 
slight depression on the neocortical surface at the 
boundary between the auditory area, which has been defined 
physiologically (Lende, '63a) as well as by the HRP 
connectivity study (Chapter 5) , and the occipital region
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(arrowhead show in Fig. 4.16b). From the same studies it 
appears that the ventral temporal area is not associated 
with auditory function but is probably associated with 
visual function.
4.3.5 Occipital region. The only sulcus in this 
region is found in the medial occipital region, the 
calcarine sulcus (Fig. 4.Id, Plate II, 1, 2). The occipital 
region occupies as large or even a larger area of neocortex 
than the parietal region. It is rostrally bordered by the
parietal sulcus, ventrally by the temporal region and 
dorsally by the cingulate sulcus (Fig. 4.1a).
Sulcal features. The calcarine sulcus is a deep sulcu s
situated caudally in the medial wall of the occipital
region (Plate II, 1, 2) . In a number of brains on the
lateral neocortical surface of the occipital region there 
is a noticeable indentation, Plate I, 2b, 3b, 4b, 9. This 
indentation courses rostroventrally across the occipital 
region from the cingulate sulcus meeting with the
mid-region of the parietal sulcus. Since it is very shallow 
and inconsistent there appears to be no justification to 
classify this as a sulcus. A blood vessel runs in this 
indentation.
Cytoarchitectonic features. The region posterior to the 
parietal region could be regarded as posterior parietal, 
peristriate or visual association. This region is 
cytoarchitectonically similar to area 17 (Fig. 4.18). 
Hence, it is difficult to distinguish it from area 17 on a 
cytological criterion. A sulcus is not present to separate
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Fig. 4.13. Photomicrocaaphs of thionin stained, frontal 
sections through the tepporal region. The neocortical area 
above the temporal sulcs 3 (arrowed) is the auditory region 
(see text) . The temporal sumuus is dividing two different
cytoarchitectonic regicss. Note the difference in overall 
width of the neocortex iin the two regions, the auditory 
region having the wider nf'ieocortical mantle than the ventral 
temporal region.
AU auditory region
TP temporal region
4.38
a b
0*5 mm
Fig .  4 . 1 4 .  Higher  ov>wer p h o t om ic rog ra ph s  of  t h i o n i n  
s t a i n e d ,  f r o n t a l  s e c t o n n s  t h r ou gh  t h e  a u d i t o r y  (a) and 
v e n t r a l  t empora l  (b) r g i j i o ns .  The prominent layer IV of 
auditory cytoarchitectirre is typical of sensory cortex. Laye r  
VI of  t h e  v e n t r a l  tmppora l  r eg i o n  c o n t a i n s  an unusua l  
sp e c k l e d  a p p ea ra n c e  a l o  i t s  c e l l s  appea r  to be a r r a n g e d  i n  
h o r i z o n t a l  rows.
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the most dorsal, anterior area of this region from the 
parietal region (Fig. 4.16a). The whole of the occipital 
region has features resembling those of eutherian mammalian 
striate cortex (Figs. 4.15, 4.17a). Layer I is a little
wider than that seen in other sensory regions, layer II 
also appears wider than in any other region. Layer III is 
exceptionally wide and appears to be divided into two 
subdivisions, an upper part and a lower one. The upper
layer III contains medium sized, pale staining pyramidal 
cell bodies with average density packing. The lower layer 
III in addition to the cells found in the upper part also 
contains very large deeply staining pyramidal cells. The 
cell bodies in this part of layer III appear closely packed 
than in the upper part. A prominent outer layer containing 
loosely packed cells is clearly visible between layers III 
and IV. Layer IV, if the outer cell sparse layer is 
included, is quite wide. Below the outer cell sparse layer 
there is a band of densely packed, deeply staining small
granule cells whose width is not as wide as that seen in 
layer IV of the parietal region. Below layer IV there is a 
narrow band of normal to loosely packed granule cells.
These looser packed cells could be due to the presence of
another layer just below layer TV. Layer V is very wide
containing some very large deeply staining pyramidal cells
as well as other smaller cells. The large pyramidal cells
could be homologous to the eutherian Meynert cells. These 
large pyramidal cells are located in the upper part of
layer V. Possibly there is an inner cell sparse layer
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BFjj. 4.15. A low power view of a thionin stained, frontal 
ssetion through the occipital region. The total width of 
tth six layers in area 17 (17) is wider than area 18 (18) . 
ITh two areas are not separated by a sulcus (arrowhead) . 
EBch regions have a prominent layer IV.
CIN - cingulate
V-TP - ventral temporal area
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Fig. 44.16. Low power photomicrographs of thionin stained 
horizomtal sections through (a) the occipital (area 17) 
and pairietal regions, and (b) occipital (area 18) and 
audito>ry (see text) regions. These, are two examples where 
a sulcius does not delineate cytoarchitectonically different 
regioms . The arrowhead is pointing to the area where the 
two different cytoarchitectonic regions join.
occ occipital region
PA parietal region
AU auditory region
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Fig. 4.17. Higher power photomicrographs of thionin 
stained, frontal sections through the occipital region. 
Area 17 is shown in photograph a, and area 18 in photograph 
b. The contrasting features between the two regions are the 
wide layer III and the cell sparse layer between layer III 
and IV (arrowed in photograph a).
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between layers V and VI. Layer VI is narrow but there are 
no unusual characteristics about it.
Area 18 is narrower in neocortical width than area 
17 (Figs. 4.15, 4.17b). This is due to the lack of the 
lower part of layer III, present in area 17. The large 
pyramidal cells in layer III are also not present. The cell 
sparse layer between layers III and IV does not appear to 
be present in the more rostral regions of area 18 but 
towards the caudal half of the occipital region it is 
present. It is never as wide as that seen in area 17 and 
further, in area 18 is much narrower and at times difficult 
to see. Layer IV in area 18 is prominent and nearly as wide 
as in area 17 but there is no band of loosely packed cells 
below it. Layer V is wide with large pyramidal cells in the 
upper region and layer VI is narrow. The reduction in layer 
III as well as generally in all the other layers accounts 
for the narrower neocortical width of area 18. Area 19 
could not be identified cytoarchitectonically.
Summary
The cytoarchitecture of areas 17 and 18 was found 
to be very similar to that shown for the grey squirrel 
(Kaas et al., '72). Thus, apart from the cytoarchitectonic 
differences between areas 17 and 18 the similar appearance 
of the occipital region between the grey squirrel and the 
wallaby was taken as justification for subdividing the 
striate region into areas 17 and 18. Although area 19 could 
not be identified cy toarchitectonically it is possible that
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this area is present in the occipital region. Physiological 
and pathway tracing studies are needed to determine the 
presence or lack of, this region. Cytoarchitectonically a 
prestriate or a posterior parietal region was difficult to 
differentiate from area 17. From the HRP connectivity study 
it appears that the area directly posterior to the parietal 
sulcus could be a visual association area. Further studies 
are needed to clarify the functional modality of this area.
4.3.6 Cingulate region. This region is bordered by 
three sulci, rostrally by the medial parietal sulcus, 
caudally by the calcarine sulcus and dorsolaterally by the 
cingulate sulcus.
Sulcal features. The cingulate sulcus (Fig. 4.1c) is 
usually obvious, either continous with the parietal sulcus 
(Plate I, 3b) or extending within its vicinity (Plate 2b) . 
In some brains this sulcus was poorly demarcated (Plate I, 
5b) .
Cytoarchitectonic features. Most of the cingulate region is 
found in the medial wall (Plate II, 1, 2). The cingulate
sulcus borders the lateral encroachment of the cingulate 
region. This region does not contain a layer IV, (Fig. 
4.20a) as mentioned earlier it is questionable whether it 
is part of the neocortex or the allocortex. The cingulate 
region is the narrowest neocortical region. Layer I is 
typically wide however layer II is not as prominent as that 
found in other regions and even at times blending with 
layer III cells. Layer III is a rather wide layer, at the
Ipoint where the cingulate region encroaches onto the
4.45

F i g .  4 . 1 8 .  Low power  p h o t o m i c r o g r a p h  o f  a  t h i o n i n  s t a i n e d ,  
f r o n t a l  s e c t i o n  s h o w i n g  t h e  c i n g u l a t e  c o r t e x  d i v i d e d  f r o m  
t h e  p o s t e r i o r  p a r i e t a l  ( o c c i p i t a l )  r e g i o n  by t h e  c i n g u l a t e  
s u l c u s  ( a r r o w e d ) .  I n  t h e  m i d d l e  l a y e r  o f  t h e  c i n g u l a t e  
r e g i o n  t h e r e  i s  a p r o m i n e n t  l i n e  of  l a y e r  I I I  c e l l s .  I n  t h e  
p o s t e r i o r  p a r i e t a l  r e g i o n  l a y e r  IV i s  v e r y  p r o m i n e n t .
CIN -  c i n g u l a t e
PP -  p o s t e r i o r  p a r i e t a l  ( p o ss ib ly
c o n ta in in g  v is u a l  re p re s e n ta t io n ,  
see  t e x t ) .
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dorsolateral ridge a division appears between layers III 
and V (Fig. 4.18, 4.20b). It is prominent in the dorsal 
convexity and extends about half way down the medial area. 
Just above this layer III cells appear to form a narrow 
band of densely packed, deeply staining cells (arrowed in 
Fig. 4.20b). In layer V there are medium and some large 
pyramidal cells mostly moderately staining a few large 
pyramidal cells are deeply staining. The cells in layer V 
are closely packed. Layer VI contains typical 
pseudopyramidal cells with prominent apical dendrites, 
these cells are very small and deeply staining. The cell 
bodies are arranged in horizontal rows similar to beads on 
string, giving a stratified, speckled appearance. This 
unusual arrangement of layer VI is only seen in the 
cingulate region.
4.3.7 Insular region. The insular region lies in 
the lateral ventral region of mostly the frontal region but 
also extends into the parietal region (Fig. 4.1). This 
region is bordered dorsally by the frontal and parietal 
regions, caudally by the preparietal sulcus and ventrally 
by the rhinal sulcus.
Cytoarchitectonic features. This region contains two areas, 
an agranular area lying rostral to the granular area (Fig. 
4.19a, b) . The agranular area begins approximately midway 
along the anteroposterior extent of the frontal region and 
ends near the vicinity of the frontal sulcus. The granular 
area overlaps dorsally with some of the caudal part of the 
agranular area and extends up to the preparietal sulcus. In
4.47

Fig. 4.19. Low power photomicrographs of thionin stained, 
frontal section through the insular region. Photograph a is 
showing the agranular region, b is showing the granular 
region. The arrowhead is indicating the slight dimple in 
the cortical mantle where the insular region joins with the 
parietal region. No sulcus is present to separate these two 
regions. Features to note are layer II of the insular 
region is more prominent than in the parietal region and 
the total width of the layers in the insular region is 
narrower than that of the parietal region.
Cl — claustrurn
lag - agranular insular region
i g - granular insular region
PA - pa riental region
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Fig. 4.20 a-c. Higher power photomicrographs of thionin 
stained frontal sections through the cingulate (a, b) and 
insular (c) regions. Photograph a is rostral to b thus does 
not contain the band of densely packed cells seen in b 
(arrowed). Photograph c shows the cellular organisation of 
the agranular insular region. Layer IV was not found in 
this region.
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the agranular area layer II appear to merge with layer III 
and layer IV is missing. Layer V contains deeply staining 
elongated cells which resemble cells found in layer III of 
other regions. Layer VI also contains elongated cells among 
the pseudopyramidal cells. The apical dendrites of the 
pseudopyramidal cells are difficult to distinguish, and not 
easily seen. A cell sparse layer appears to be present 
between layers V and VI (Fig. 4.20c). In the granular part 
six layers are present and easily identified. The granular 
area contains two prominent layers of sparsely packed cells 
one between layers IV and V the other between layers V and 
VI. The total width of the six layers is much narrower than 
the total width of the six layers of the dorsally adjoining 
parietal region (Fig. 4.19b).
Summary
The dorsal region of the insular region is not 
delineated by any sulci. At times a small indentation could 
be seen in the cortical mantle, in frontal sections, where 
the insular region joined onto the dorsally adjacent 
region. The insular region was easily identified from the 
cytoarchitectonic study however it was also well demarcated 
from the study of the HRP connectivity (Chapter 5).
4.4 DISCUSSION
Before naming the neocortical sulci in the tammar 
the most consistent sulcal plan was established by 
examining and comparing many wallaby brains. It is not
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clear from the reports of both Ziehen (1897) and Elliot 
Smith ('02b) how many macropodid brains they examined. 
Having established a consistent neocortical sulcal plan for 
the brain of the tammar, it then became necessary to 
establish a criterion for naming these sulci, since the 
nomenclatures used by both Ziehen and Elliot Smith were not 
satisfactory.
Careful consideration was given to the 
nomenclature proposed by Johnson ('80) for neocortical 
sulci based on sensory projections from peripheral body 
regions. This nomenclature is dependent on extensive
gy rencephal isation of the neocortex. The two sulci in the 
wallaby brain Johnson ('80) proposed names for were the
labial sulcus and the jugular sulcus. The labial sulcus is 
the preparietal sulcus named in this study which was shown 
to be highly inconsistent in both its location and
presence. No sulcus was found in the location of the 
jugular sulcus. There is a depression in this region where 
the dorsal parietal region joins onto the lateral parietal 
region. Clearly, a more reliable nomenclature is needed.
Sanides ('70) reported in his review that in 
mammals the majority of sulci and dimples form neocortical 
architectonic limits, and in man the majority of
architectonic limits are located in the fundal region of 
neocortical sulci. In view of this general anatomical 
function of sulci, it was decided to adopt it to name the 
sulcal features of the neocortex of the tammar, although
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sulci in the neocortex of the wallaby do not always 
delineate cytoarchitectonically different regions. Also, 
they are not always present at boundaries of different 
cytoarchitectonic regions. The nomenclature adopted to name 
the sulci of the wallaby was according to neocortical 
location of the sulci shown in Figure 4.1.
The results of this study have shown that the 
majority of the neocortex of the wallaby is involved with 
sensory function. A separate agranular motor area was not 
found, and layer IV was present throughout the entire 
neocortex. Sulci did not always delineate boundaries of 
different regions.
The regions were characterised by the different 
cytoarchitectonic properties of the layers in particular 
layers IV, V and VI. I did not subdivide layers into 
sublayers since this research is only in its initial stage. 
Further work is needed before sublayers can be classified. 
Also by sublayering the six layers of the neocortex it 
would no longer be a six layered neocortex. Sholl ('56) was 
also critical of such subdividions within each neocortical 
1 ayer.
A separate agranular motor region was not found in 
the wallaby and neither did Abbie ('40) find an agranular 
area in any of the Australian marsupial species he studied. 
Brodmann ('09) found a separate agranular region in a 
wallaby. However, the species used by Brodmann was not the 
same as that used in this study. Further, since layer IV is
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very narrow in a number of regions in the neocortex, poor 
preservation of tissue as well as less sensitive staining
technique could easily explain why Brodmann did not find
layer IV in the motor neocortical region.
The results from the cytoarchitectonic study 
suggest that there is total overlap of the motor and 
somatosensory areas of the parietal region. This was also
reported by Lende ('63a). Results from the HRP connectivity 
study have shown that a separate somatosensory area, free 
from ventrolateral nucleus input, does exist (Chapter 5). 
In the North American opossum which has been shown both 
physiologically (Lende, '63b) and anatomically (Donoghue 
and Ebner, '81a) to have total overlap of the somatosensory 
and motor region, an agranular region was found in the
neocortex. Both Gray ('24) and Walsh and Ebner ('70) 
reported identifying an agranular region in the vicinity of 
the orbital sulcus located in frontal neocortical region of 
the opossum.
A separate neocortical region devoted to 
association function has not been found in the wallaby. 
This is a similar finding to that described for the opossum 
(Diamond and Hall, '69). In the opossum (Donoghue and 
Ebner, '81) and possum (Neylon and Haight, '83) the 
posterior parietal region was suggested to be an equivalent 
to an association region due to its convergent connectivity 
with a number of thalamic nuclei, fulfilling the criterion 
of association area suggested by Kasdon and Jacobson,
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('78). In the wallaby the area posterior to the parietal 
sulcus was suggestive from the HRP study to be a visual 
association area. However further evidence is needed to 
support this suggestion.
4.5 CONCLUDING REMARKS
This study has shown that the neocortex of the 
tammar has retained a number of primitive features which it 
shares with other metatherian mammals such as the lack of a 
separate aoranular motor region .(Kaas, '83), of a separate association 
area and few neocortical sulci which shown considerable 
variation amongst individuals. In contrast to the cortex, 
the thalamus (Chapter 3) is highly differentiated, with a 
complicated thalamic organisation. In the thalamus of the 
wallaby the dorsal lateral geniculate nucleus is highly 
laminated, the ventral posteromedial nucleus is clearly 
differentiated from the ventral posterolateral nucleus and 
there is also a centre median nucleus. These features are 
comparable to those of the monkey and cat.
These results support the suggestion made by 
Rockel et al. ('72) that "... raises the possibility that 
thalamic development may be in some instances, markedly in 
advance of that of the cortex".
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CHAPTER 5
AN HRP STUDY OF THE THALAMIC -SENSORIMOTOR 
RELATIONS IN THE TAMMAR WALLABY,
MACROPUS EUGENII
5 . 1  INTRODUCTION
E a r l y  p h y s i o l o g i c a l  s t u d i e s  showed t h a t  i n  monkey 
a n d  man t h e  c e n t r a l  s u l c u s  was  t h e  b o u n d a r y  r e g i o n  b e t w e e n  
t h e  m o t o r  and  s o m a t o s e n s o r y  c o r t i c e s .  W oo l se y  ( ' 5 8 )  l a t e r  
r e v i e w e d  much o f  h i s  w or k  w h i c h  showed ,  i n  a number  o f  
e u t h e r i a n  mammals ,  t h a t  t h e  s o m a t o t o p i c  o r g a n i s a t i o n  of  t h e
m o t o r  c o r t e x w a s  t h e m i r r o r  image  of  t h a t of t h e
s o m a t o s e n s o r y c o r t e x . I n  r e c e n t  y e a r s *  i t h a s b e e n
u n e q u i v o c a l l y shown, b o t h  e l e c t r o p h y s i o l o g i c a l l y a n d
a n a t o m i c a l l y , i n  monkey ( T r a c e y ,  e t  a l . , ' 8 0 ; J  one s and
F r i e d m a n ,  *82;  K a a s ,  e t  a l . ,  ' 8 4 )  a n d  i n  c a t  ( N e i o u l l o n  a n d
R i s p a l - P a d e l , ' 7 6 ;  F e l l e m a n ,  e t  a l . , ' 8 3 )  t h a t  t h e  m o t o r  
c o r t e x  i s  t o t a l l y  s e p a r a t e  f r o m  t h e  s o m a t o s e n s o r y  c o r t e x .  
H e n c e ,  i n  t h e  monkey t h e  s o m a t o s e n s o r y  c o r t e x  r e c e i v e s  
e x c l u s i v e l y  1 e m n i s c a l - t r i g e m i n a l  a n d  s p i n a l  t h a l a m i c
r e l a y e d  i n f o r m a t i o n  w h i l e  t h e  m o t o r  c o r t e x  r e c e i v e s  d i r e c t  
c e r e b e l l a r  t h a l a m i c  r e l a y e d  i n f o r m a t i o n  ( J o n e s  a n d  P o r t e r ,
' 8 0 ;  K a a s ,  ' 8 3 ) .
R e c e n t  s t u d i e s  on a number  o f  l e s s  f a m i l i a r
e u t h e r i a n  mammals, t h e  t h r e e - t o e d  s l o t h  (Bradvpus
t r i d a c t v l u s ) ( S a r a i v a  a nd  M a g a l h ä e s - C a s t r o ,  ' 7 5 ) ,  t h e
n i n e - b a n d e d  a r m a d i l l o  (D a s y p u s  novemc i n c t u s ) ( R o y ce ,  e t
a l . ,  ' 7 5 ) ,  t h e  h e d g e h o g  (E r  i n a c e u s ) (Lende  a n d  S a d l e r ,
' 6 7 ) ,  a s  w e l l  a s  t h e  r a t  ( H a l l  a n d  L i n d h o l m ,  ' 7 4 ;  Do n og h u e ,
e t  a l . , ' 7 9 ;  Donoghue  and  W i s e ,  ' 8 2 ;  S a n d e r s o n ,  e t  a l . ,
' 8 4 ) ,  h a v e  shown t h a t  i n  t h e s e  a n i m a l s  t h e r e  i s  some
o v e r l a p  b e t w e e n  t h e  m o t o r  and  s o m a t o s e n s o r y  r e g i o n s  o f  t h e  
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In the American opossum, Didelphis virginiana, a 
metatherian mammal, both physiological (Lende, '63b,c) and 
anatomical (Donoghue and Ebner, '81) studies have shown 
that the neocortical motor region is represented in 
identical register with the somatosensory region, thus the 
two areas totally overlap. Unlike in the monkey, in the 
American opossum the thalamic lemniscal, trigeminal and 
spinal afferent projections totally overlap in the
neocortex with the thalamic cerebellar afferent 
projections.
Neuroanatomical tracing studies on Australian 
marsupial mammals the possum, Trichosurus vulpecula and the 
native cat, Dasvurus viverrinus (Haight and Neylon, '79, 
'81a) have shown that these animals also have overlap of 
the neocortical motor and somatosensory regions but the 
overlap is only partial and not as extensive as that found 
in the American opossum. Thus the wallaby shown to be 
closer to eutherian primates in terms of thalamic
organisation than any other so far studied marsupial would 
be expected to posses less overlap between the motor and 
somatosensory regions of the neocortex.
The sensory and motor regions of the almost 
1issencephalic neocortex of the wallaby were defined by the 
physiological study of Lende ('63a). Further, Lende ('63) 
showed that within the neocortical parietal region the 
motor and somatosensory areas of the Tammar wallaby were 
totally overlapped, as was found in the American opossum.
5.3
The aim of this study is to determine, in the Tammar 
wallaby, the extent of overlap between the neocortical 
somatosensory and motor areas from both thalamic afferent 
and efferent projections using neuroanatomical tracing 
methods.
5.2 MATERIALS AND METHODS
A total of 28 Tammar wallabies were used for 
neuroanatomical tracing studies, see Table 2.3 p. 2.17. 
Neocortical injections were made in 10 wallabies while 18 
wallabies received thalamic injections. Some wallabies were 
anaesthetised with a 4% solution (w/v) of Surital (2.1 
ml/kg) intravenously and others with a 20% solution (w/v) 
of Urethane (9.1 ml/kg) intraperitoneally. The head of the 
wallaby was immobilised in the stereotaxic frame for both 
cortical and thalamic injections.
The volume of tracer injected into each cortex of 
the wallaby varied from 0.1-0.2 }il. The tracer injected was
either 10% WGA-HRP (Sigma) or 30% HRP (Boehringer), some
wallabies received injections of a mixture of HRP and
either H^ proline (Amersham; 117Ci/mmol) or leucine
(Amersham; 187Ci/mmol) . The isotope (200-400 jul) was 
evaporated to near dryness and resuspended in sterile 
saline to 50 ^1. Each thalamus was injected with 0.09-0.1 
til HRP, either 30% (Boehringer) or 5% WGA-HRP (Sigma) or a 
mixture of tritiated amino acid and HRP. All injections 
were made using a 0.5 jul SGE syringe.
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The procedure described below was used for all 
wallabies. After the survival period, 28-32 hours, the 
wallaby was deeply anaesthetised and perfused 
transcardially with 2 litres of 9% saline followed by 2 
litres of 2.5% glutaraldehyde in 0.1M phosphate buffer at 
pH 7.2. This was followed by 1 litre of 15% sucrose in 2.5% 
glutaraldehyde solution. The brain was removed immediately 
and placed in 30% sucrose in 2.5% glutaraldehyde at 4°C 
overnight. After 24-36 hours the brain was cut frontally in 
frozen sections at 50 ^m, while the cerebellum and 
brainstem were sectioned horizontally.
The sections were divided into 4 or 5 series of 
which 2 or 3 were processed for HRP according to 
tetramethyl benzidine (TMB) procedure (Mesulam, '78). After 
stabilising the HRP reaction product a selected series of 
sections were counterstained with 0.1% thionin at pH 3.7. 
Sections from brains that were injected with a mixture of 
tritiated amino acids and HRP, were defatted then coated 
with Kodak NTB2 emulsion and exposed for 4-6 weeks at 4°C. 
Sections were developed in D-19, alternate sections were 
counterstained with thionin.
5.3 RESULTS FROM NEOCORTICAL INJECTIONS
5.3.1 Neocortical injection site. The amount of 
spread of HRP at the injection site is found to be directly 
related to the volume injected. The duration of the 
injection did not appear to significantly
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influence the degree of HRP spread. Small injections 
consisting of 0.1 jjI of HRP solution were found to be 
neatly confined to a circular region (2 mm in diameter) 
around the injection hole (0.35 mm in diameter) see Figure 
5.1a,b. This region was uniformly deeply stained after the 
TMB reaction, except around the immediate vicinity of 
needle lesion, which appeared less intensely stained. In 
large neocortical injections containing 0.2 ^1 of HRP
solution the spread of HRP at the injection site was
considerably more than that of the smaller volume 
injection. Also, the HRP was not neatly confined within a 
circular region but spread to a confined small area. This
area usually had a surrounding region which stained less 
intensely with TMB. The actual region of HRP uptake did not 
appear to correspond to the extensive HRP diffusion at the 
injection site. This will be discussed in the later 
sections in this chapter. After large injections, in the 
vicinity of the injected area several retrogradely filled 
cells were seen as well as many dendrites resembling a 
Golgi impregnation stain. The retrogradely filled cells 
were mostly seen in layer III, at times also in layer V. 
These labelled cells were probably from the cut axons at 
the injection site since intracortical label was seen
usually in clusters of retrogradely labelled cells away
from the injection site. Also, the area of the
intracortical cluster of retrogradely labelled cells was 
found to be similar in size to the area at the injection 
site which stained deeply after the TMB reaction (Fig. 5.2).
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FFi 5.1.a, Diagram showing the location of the injection 
ssii in a frontal section corresponding to the 
pphioimicrograph. Photograph b, shows the injection site 
aaf?r a 0.1 pi HRP injection.
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Fig. 5.2. Lightfield photomicrograph of the cluster of 
ihtracortical label. Most of the retrogradely labelled 
ells are in layer III, some are also seen in layer V. The 
diagram shows the relation of the injection site (striped 
acea) to the area where cortical label was found
(stippled). The distance between the injection site and the 
a:ea labelled is 3.0 mm.
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In two wallabies unilateral neocortical injections 
gave rise to only ipsilateral thalamic label. Therefore the 
rest of the wallabies were injected bilaterally. In the
results and discussion no distinction is made between the
unilaterally and bilaterally injected wallabies.
5.3.2 Thalamo-parietal projections. The
distribution of neocortical injections is shown in Figure 
5.3a and 5.3b. Most injections were within the sensorimotor 
(parietal) region, physiologically defined by Lende ('63a). 
Several features are apparent from the results of these
injections. The position of both orthograde and retrograde 
label in the thalamus totally overlaps, thus showing the
presence of close reciprocal projections from thalamus to 
neocortex. Several thalamic nuclei converge their afferent 
projections onto the sensorimotor region. Although the
majority of label was always found in the ventrobasal and
ventrolateral nuclei, some label was also present in the 
rostral intralaminar nuclei, the posterior, ventromedial 
and mediodorsal nuclei. Afferent projections from the
ventrolateral and ventrobasal nuclei are topographically 
arranged, however, the topographical arrangement is not the 
same for both groups of nuclei.
Projections from ventrolateral nucleus
Retrogradely labelled cells and orthogradely
labelled terminals were seen in the ventrolateral nucleus 
(VL) following injections of neuroanatomical tracer into 
the sensorimotor region represented as the shaded area in
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Fig. 5.3. Drawings of the wallaby brain showing the 
distribution of neocortical injections. Figure a is the 
lateral view, b is the corresponding 45° view. Most of the 
injections were within the parietal region,numbers represent cases. 
CIN cingulate region 
FR frontal region 
INS insular region 
PA parietal region 
OCC occipital region 
TP temporal region.
L left hemisphere 
R right hemisphere
R^ two injections into the same hemisphere
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Fig. 5.4. Drawings of the lateral (a) and 45° (b) views of 
the brain of the wallaby. The shaded region is the area 
which following HRP injections gives rise to orthograde and 
retrograde label in VL.
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Figure 5.4. Small (0.1 pi) neocortical injections produced 
retrogradely labelled cells arranged in a small group in 
VL. Larger volume (0.2 pi) injections produced a larger 
group of labelled cells in VL, as well as orthograde HRP 
label from terminals which overlapped with the retrograde 
label (Fig 5.5). Following larger volume neocortical injections, 
orthograde HRP label was seen arranged in a lamella 
within both VPL and VL. The retrogradely labelled cells in 
VL were loosely packed among the mesh of labelled fibres 
and terminals. This matches the cytoarchitectonic 
arrangement of VL seen in Nissl stained sections. No label 
was seen in VL following injections into the very caudal 
sensorimotor region, physiologically defined as the upper 
lip region of the head subdivision (Lende, '63a; Weller, et 
al., '76). Neither was label seen, or if present only one 
or two labelled cells were seen, following injections into 
the rostral, lateral sensorimotor region. Injections into 
the medial neocortical region produced label in the lateral 
region of VL, while lateral neocortical injections produced
medially placed label in VL (Figs. 5 .6a and 5.6b).
Injections into the VL, neocortical projection field
produced label also in the ventrobasal , paracentral and
central lateral nuclei.
Projections from ventral posterolateral nucleus
The shaded area in Figure 5.7 represents the 
sensorimotor region which receives afferent projections 
from the ventral posterolateral nucleus (VPL). This area
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Fig. 5.5. Lightfield photomicrographs of frontal sections 
showing orthograde and retrograde label in VL following a 
large injection. This section was reacted with TMB to 
visualise the HRP product but was not counter-stained for 
Nissl. The drawings represent the location of the injection 
site in the neocortex and the resultant label in the 
thalamus.
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Fig. 5.6. Diagrammatic representation of the 
HRP label in VL following injections into 
neocortical sensorimotor region a, and into 
sensorimotor region b. A medial (cortex) 
(thalamus) topographical organisation was found
location of 
the medial 
the lateral 
to lateral 
for VL.
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was contained within the region of sensorimotor neocortex 
which also receives projections from VL. The shaded region 
in Figure 5.7 was physiologically defined by Lende ('63a) 
as the lateral neocortical body subdivision. The rest of 
the body subdivision is contained within the medial 
parietal region. Only few labelled cells were seen in VPL 
following small neocortical injections, some HRP orthograde 
label was also seen in very small amounts. The retrogradely 
labelled cells were always seen as a cluster or a group of 
cells contained within the boundary of VPL, as defined by 
the Nissl stained sections (Chapter 3) . The labelled cells 
following small injections did not appear to be forming
into slabs or lamellae. A slab is taken to be a group of 
labelled cells "most narrow in the mediolateral plane, 
intermediate in the dorsoventral plane, and longest in the 
rostrocaudal plane", Kaas, et al. (’84, p. 135). After
large neocortical injections retrogradely labelled cells 
were seen as well as large amounts of HRP orthograde label, 
which always overlaped with the retrograde label (Fig. 
5.8). Following a very rostral and medially placed large 
injection into the sensorimotor region mostly orthograde 
label was seen in VPL shaped in a lamella form. Both
orthograde and retrograde label was seen in the thin medial 
strip of cells that ventrally border the ventral 
posteroinferior nucleus, VPI. This thin strip of cells
courses medially from VPL, see Figure 5.8. Injections in 
the rostral sensorimotor neocortical region produced more 
medially, as well as some laterally, placed label in VPL
5.15
5 m m
Fig. 5.7. Drawing of a 45° view of the wallaby brain. 
Following HRP injections into the sensorimotor neocortical 
region, shown by the shaded area, retrograde label was 
found in VPL.
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Fig. 5.8. Diagrammatic drawing of HRP label in VPL, in 
frontal section, following a large neocortical HRP 
injection. Both orthograde (cross hatched) and retrograde 
(stippled) label was present.
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while caudal sensorimotor neocortical injections produced 
only laterally placed label in VPL. No topographical 
arrangement was apparent between medially and laterally 
neocortically placed injections.
Projections from ventral posteromedial nucleus
Label was seen in VPM following neocortical 
sensorimotor injections. The area producing label in VPM is 
represented as the shaded region in Figure 5.9 which 
corresponds to the head subdivision of the sensorimotor 
region defined physiologically by Lende ('63a) and Weller, 
et al. ('76). Both orthograde and retrograde label was seen 
in VPM following either small or large neocortical 
injections. Nonetheless, large injections produced larger 
labelled areas in VPM. Several injections into the rostral 
head subdivision of the sensorimotor region produced small 
amounts of label in VPM which was found arranged in 
clusters or groups of cells. After small injections into 
the caudal head subdivision of the physiologically defined 
upper lip region labelled cells were found arranged in 
slabs which were slightly curvilinear. The slab shaped
label was found towards the lateral half of VPM, this is
shown in Figure 5.10a. In another example from a large
neocortical injection in the same area shown in Figure 
5.10b, there were also labelled cells arranged in a 
horizontal band as well as the label arranged in slab form. 
The horizontal band and vertical slab of cells were almost 
joined, appearing as an L-shaped area of label. The
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Fig. 5.9. Diagrammatic representation of the neocortical 
sensorimotor region which following HRP injections (shaded 
area) gave rise to label in VPM.
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INJECTION SITE
HRP LABEL HRP LABEL
Fig. 5.10. Lightfield photomicrographs showing retrograde 
and orthograde HRP la>e!l in VPM arranged in a slab, a. 
Following a larger ne)C*.or tical injection label was seen 
both in horizontal and slab arrangement, b. Sections were 
not counter stained ior: Nissl. Diagrammatic drawings
correspond to the placement of the injection site and 
location of label.
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horizontal band of labelled cells appeared to be within 
VPI. The injections giving rise to the slab arranged label 
were both located just caudal to the preparietal sulcus. 
However when large volumes (0.2 yul) of neuroana tomical 
tracer were injected into more caudal neocortical regions 
the label was seen arranged in curvilinear lamellae. 
Further, as more caudal neocortical regions were injected 
the more lateral the label was found in VPM. In parts the 
lateral region of the labelled lamellae contained very few 
cells (Fig. 5.11a), most of the label seen was either due 
to labelled fibres or terminals. The rest of the region of 
the labelled lamellae contained both orthograde and 
retrograde HRP label (Fig. 5.11b). The autoradiographic 
orthograde label shown in Figure 5.12 coincided with both 
orthograde and retrograde HRP label. In Nissl stained 
sections the lateral region of VPM contains a very cell 
sparse area while more medially the curvilinear,
lamellated, densely populated cell arrangement is very 
distinct. The base of either the slab or lamella shaped 
label was always more densely labelled than the apex. Both 
slabs and lamellae extended for almost the entire 
anteroposterior extent of VPM. The topographical 
arrangement seen in VPM was similar to that seen in VPL. 
Rostrally placed neocortical injections resulted in 
medially placed label while caudally placed neocortical 
injections resulted in laterally placed label in VPM (Figs. 
5.13 a,b). A medial to lateral topographical arrangement
was not generally apparent from the results of the 
injections into the head subdivision.
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Fig. 5.11. Lightfield photomicrographs of HRP label 
(orthograde and retrograde) in VPM. a, shows the cell 
sparse lateral region in the lamella, retrograde label is 
present also in the lateral region. The diagrams show the 
location of the injection site in the neocortex and 
distribution of label in the thalamus.
Photomicrograph a corresponds to section 37 
Photomicrograph b corresponds to section 34
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Fig. 5.12>. Cor responding autoradiographic darkfield and HRP 
lightfiel.dphotomicrographs showing label in VPM within a 
lamella fjra two separate sections from the same experiment. 
The secticor im photograph a) was treated only for 
autoradiocgnplhy while the section in photograph b) was 
reacted fcoi HIRP only.
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Fig. 5.13. Diagrammatic representation of the location of 
HRP label in VPM following injections into the rostral 
neocortical sensorimotor region a, and caudal sensorimotor 
region, b. Rostrally placed HRP injections gave rise to 
medially placed label in VPM while caudally placed HRP 
injections gave rise to laterally placed label in VPM.
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However, the two injections that were in the vicinity of 
the preparietal sulcus appeared to exhibit medial to 
lateral topography. The more medial neocortical injection 
gave rise to the more lateral label in VPM while the more 
lateral neocortical injection gave rise to the more medial 
label in VPM.
No label was present in VL following injections 
into the caudal, upper lip head subdivision of the 
sensorimotor neocortical region. Following neocortical 
injections into the border region between body and head 
subdivisions, label was present in both VPM and VPL. Label 
was also present in the mediodorsal, central lateral and 
posterior nuclei following injections into the head 
subdivision.
Projections from other thalamic nuclei
Following injections into the sensorimotor region 
labelled cells were found in the paracentral, PC, and 
central lateral, CL, nuclei, the mediodorsal nucleus, MD, 
the ventromedial nucleus, VM, as well as in the posterior 
nucleus, PO. All the injections into the sensorimotor 
region resulted in label being found in either CL or PC or 
both. More medial neocortical injections labelled PC while 
more laterally placed injections labelled CL. Following 
injections into the rostral sensorimotor region label was 
present in both nuclei. Topographical arrangement of these 
nuclei, CL and PC, could not be determined with any degree 
of certainty.
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Labelled cells were found in MD following 
injections into the rostral and caudal areas of the
sensorimotor region, however only 3 injections produced 
label in MD. Label in VM was found following an injection 
into the rostral sensorimotor neocortical region. Both 
nuclei were not heavily labelled only few labelled cells
were ever seen, also the topographical arrangement could 
not be determined from these results.
Label in PO was seen following injections into the 
caudal sensorimotor region. Label found in PO was an
extension from the slab or lamellae label from VPM. The 
dorsal part of the slab and lamellae was never confined
within VPM but extended dorsally into PO. Scattered 
labelled cells were also present in PO following more 
medially and rostrally placed large neocortical injections.
5.3.3 Thalamic-occipital projections. A large HRP 
injection just posterior to the parietal sulcus did not 
result in labelling of any of the ventral nuclei nor the 
dorsal lateral geniculate nucleus. Few retrogradely 
labelled cells were seen in the caudal region of the 
central lateral nucleus, CL. Some labelled cells were also 
seen in the posterior nucleus. The few labelled cells in 
both nuclei were found very laterally so much so that the 
labelled cells were located next to the external medullary 
lamina. The region injected was suggested in Chapter 4 to 
be correlated to a visual area. Following this injection 
many intracortical retrogradely labelled cells were found
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in layers III and V and a few cells also in layer VI in the 
ventral temporal region. Also few cells were present in the 
very caudal region of the nucleus of the optic tract, just 
prior to its disappearance.
5.3.4 Thalamic-cingulate projections. The caudal
lateral cortical legion laterally bounded by the
cingulate sulcus was identified cytoarchitectonically as 
the cingulate region (Chapter 4). Further evidence 
supporting this suggestion was provided following an HRP 
injection into this region. A small HRP injection into this 
region resulted in a number of labelled cells being present 
in the medial region of the anterodorsal nucleus.
5.3.5 Thalamic-frontal projections. An HRP 
injection into the frontal cortex was placed in the 
vicinity of the caudal region of the prefrontal sulcus. 
From this injection retrogradely labelled cells were 
present in the interanterodorsal nucleus, the mediodorsal 
nucleus and the anterior region of the ventrolateral 
nucleus referred to in Chapter 3 as anterior region of the 
amalgamation between the ventrolateral and the ventral 
anterior nucleus. Few labelled cells were also present in 
the parafascicular nucleus.
5.3.6 Thalamic-insular projections. The insular 
region was identified cytoarchitectonically and described 
in Chapter 4. Following two large HRP injections into this 
region retrogradely labelled cells were found in the 
ventromedial, VM, and oral division of the ventromedial,
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VMO, nuclei, as well as in both the paracentral and central 
lateral nuclei. The more rostral and slightly more dorsally 
placed injection also gave rise to label in the most 
medial, dorsal region of VPM. The area of cortex giving 
rise to the label in VPM as well as VMO was defined 
physiologically as the cortical region representing the 
tongue (Lende, '63a).
5.3.7 Neocortical mesencephalic projections. These 
projections were only looked for in eleven cases. However 
only in six cases label w as seen in the mesencephalon. 
Following injections into the maxillary area of the head 
subdivision labelled cells were seen in the contralateral 
deep, tegmental area and the raphe nucleus. In two cases 
label was only seen in the raphe nucleus, while the 
injection into the rostral maxillary area only labelled few 
cells in the tegmental field. A rostral parietal injection 
retrogradely labelled cells in the locus coereleus it could 
not be determined whether this label was from the injection 
into the body or head subdivision. In this case the wallaby 
was bilaterally injected, one cortex received an injection 
into the rostral body subdivision area while the other 
cortex received two injections into the head subdivision 
one injection was placed more dorsal than the other.
5.4 RESULTS FROM THALAMIC INJECTIONS
5.4.1 Thalamic injection site. The majority of HRP 
thalamic injections were made into the ventrolateral (VL) 
and ventrobasal nuclei (VPM and VPL) to see the extent of 
their efferent projections from the sensorimotor
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neocortical region. The only nuclei of interest were VL,
VPM and VPL but to be certain that HRP diffusion at the
injection site did not confuse the results, nuclei in the 
vicinity of the injection site were also injected. Their 
projections are described to clarify the method used to 
determine which label was directly from the intended, 
injected nucleus. All thalamic injections consisted of 
approximately 0.1 pi of HRP solution. Although in thalamic 
terms these are large injections, in almost all cases each 
HRP injection was restricted to a single thalamic nucleus. 
A few retrogradely labelled cells were seen near the 
injection site. The region in the immediate vicinity around 
the injection hole was deeply stained after the TMB 
reaction, surrounding this was a larger paler TMB staining 
region. A comparison of the spread of neuroanatomical 
tracer at the injection site was made in wallabies which 
received injections of both tritiated amino acid and HRP. 
The TMB reacted injection sites were always more extensive 
than the autoradiographic injection sites, strongly 
suggesting that the apparent spread of tracer seen at the 
injection site after the TMB reaction was not the actual 
extent of the region of uptake. Since it was impossible to 
avoid some leakage of HRP along the needle track, the 
nuclei affected by this leakage were injected with HRP 
independently, to see the extent of the projections these 
nuclei received from the sensorimotor region. These small 
amounts of tracer which leaked along the needle track were
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found to have insignificant effects on the final resultant 
orthograde and retrograde label. (This will be discussed 
subsequently).
In one wallaby a large unilateral thalamic 
injection gave rise to only ipsilateral neocortical label 
therefore, further wallabies were injected bilaterally. No 
distinction is made between these wallabies.
5.4.2 Neocortical projections to the ventrolateral 
nucleus. Injections of HRP into VL gave rise to labelled 
cells only within the sensorimotor region. The total 
distribution of retrogradely labelled cells from 4 separate 
injections into VL is shown in Figure 5.14. The label did 
not extend beyond the preparietal sulcus nor into the 
ventral area described in Chapter 4 as the insular region. 
The frontal sulcus does not appear to be a border for the 
efferent projecting field of VL since label was found 
rostral to this sulcus. The label in the frontal region 
could be due to the tracer contaminating the anterior 
region of VL which was found to be amalgated with VA. Only 
retrograde label was seen mostly in layer VI and some in 
layer V following injections of non WGA conjugated HRP into 
VL. Using WGA-HRP the retrograde label in layer VI was more 
intense and more retrogradely labelled cells were seen in 
layer V. Also, HRP orthograde label was seen in layer IV 
(Fig. 5.15a and 5.15b). The autoradiographic label was 
found to precisely coincide with the HRP orthograde label 
in layer IV (Fig. 5.15c). Both labels coincide with layer
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Fig. 5.14. A diagrammatic representation of three examples 
of HRP injections into VL and their resulted label, a. b, 
Diagrammatic drawing showing the total area of sensorimotor 
region which sends projections to VL (shaded area).
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Fig. 5.14.c f Diagrammatic representation of the distribution 
of label following an injection into VL, case 23R (W23).
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Fig. 5.15a, Lightfield low power photomicrograph showing 
the resultant label in the neocortex following an injection 
into VL (from 23R). Othograde label in light and dark bands 
is in layer IV, retrograde label majority is in layer VI, a 
few cells are also found in layer V.
Fig. 5.15b, A higher power photomicrograph between the 
arrowed region in 5.15a. Note the prominent strands of 
label coursing towards layer IV. Sections in a and b were 
not counterstained for Nissl.
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Fig. 5.15cf Darkfield photomicrograph of autoradiographic 
label in layer IV following a double tracer injection into 
VL of case 23R. The label in layer IV matches that of the 
HRP and with layer IV of the Nissl stained section. Note 
the patches of autoradiographic label similar to those of 
the HRP orthograde in layer IV.
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IV of the Nissl stained section. Since the labelling 
pattern of the neocortical layers was found to be similar 
to that of the ventrobasal injections it is reported 
jointly in section 5.4.8. No label was found in the 
neocortical sensorimotor region within the upper lip region 
of the head subdivision following injection into VL. In 
experiment 16R retrogradely labelled cells were also found 
in the ipsilateral parafascicular nucleus and locus 
coereleus, while in case 18R retrogradely labelled cells 
were found in the ipsilateral parafascicular nucleus,
substantia nigra and both tegmental fields. Retrogradely 
labelled cells were seen in the ipsilateral reticular
nucleus, substantia nigra and both tegmental field in 
experiment 23R. HRP label was not seen in the brainstem
nuclei following injections into VL.
5.4.3 Additional label from the ventrolateral 
nucleus. In the wallaby several deep cerebellar nuclei are 
clearly distinguishable from Nissl stained sections. These 
nuclei closely resemble those of eutherian mammal in both 
their location and size hence they were named following the 
eutherian mammalian nomenclature. Following injections into 
VL retrogradely labelled cells were present in the entire
contralateral cerebellar dentate nucleus (Fig. 5.16). A few 
cells were also found in the ipsilateral dentate nucleus. 
No label was seen in either the fastigial or interposed 
nuclei.
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Fig. 5.16. Drawings of sagittal sections through the 
cerebellum and dentate nucleus showing HRP labelled cells, 
following an injection into VL.
5.33
a
Label was found in the contralateral nucleus of
the inferior colliculus as well as the tegmental area. It 
is difficult to conclude whether this label is resulting 
from the thalamic contralateral VL injection or from the 
ipsilateral VPM injection. For this same reason some label 
seen in the trigeminal nucleus, contralateral to the VL 
injected thalamus could be resulting from either 
injection. If the label is arising from the VL injected 
side, it is possible that the injected HRP could have 
contaminated VPM, however since label was not found in the 
area receiving only VPM relay this suggestion is unlikely. 
More likely the needle track intersected trigeminal fibres 
on its way to VL.
5.4.4 Neocortical projections to the ventral 
posteromedial nucleus. The combined efferent neocortical 
projection field to VPM is shown in Figure 5.17b. Rostrally 
it is bordered by the frontal sulcus although at times the 
label was found to extend anterior to the sulcus. Caudally 
the label is bordered by the parietal sulcus. Dorsaily the 
border was found to be at the ridge which separates the 
body subdivision from the head subdivision. Ventrally, in 
the rostral region the label did not extend into the 
insular region while, in the caudal region the label 
extended down to the rhinal sulcus. A number of HRP 
injections were made into several regions of VPM, each 
injection labelling a different area of the head
subdivision within the sensorimotor neocortical region
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Fig .  5 . 1 7 .  a,  A s e r i e s  of  d i ag r am m at i c  d r awings  showing t h e  
l o c a t i o n  of t h e  i n j e c t i o n  s i t e  i n  VPM and t he  c o r r e s p o n d i n g  
l o c a t i o n  of t he  r e s u l t a n t  l a b e l  in t h e  n e o c o r t e x .
b
Fig .  5 . 1 7 .  b,  Diagrammat ic  r e p r e s e n t a t i o n  of t o t a l  
n e o c o r t i c a l  s e n s o r i m o t o r  a r e a  which s en ds  p r o j e c t i o n s  t o  
VPM.
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Fig. 5.17.C, Diagrammatic representation of the distribution 
of HRP label in the neocortex following an injection into 
VPM, case 25R (W25).
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shown in Figure 5.17 a,c. Injections into the most middle 
region of VPM labelled the entire projection field of the
head subdivision of the sensorimotor region. Inj ections
into the more caudal region of VPM labelled the ventral
half of the sensorimotor region. Whenever the dorsal,
caudal region of VPM was injected this gave rise to
substantial label in layer V of the physiologically defined 
upper lip region of the head subdivision, as well as the 
retrograde label in layer VI and orthograde label in layer 
IV, Figure 5.18a, b and c. Some of these injections also 
gave rise to label in the body subdivision suggesting that 
medial lemniscal fibres were injected or perhaps 
representing an efferent projection to the posterior 
nucleus. In two caudal but medially placed injections into 
VPM label was confined to the rostral area of the 
sensorimotor region.
5.4.5 Additional label from the ventral 
posteromedial nucleus injections. In those cases where the 
brainstem was also sectioned, injections into VPM gave rise 
to label in the contralateral trigeminal nucleus and 
lateral cervical nucleus, Figure 5.19. In the caudal 
region of the trigeminal nucleus only retrogradely filled 
cells were present while in the rostral region and in the 
lateral cervical nucleus both orthograde and retrograde 
label was seen. Injections into VPM that also labelled 
some of the body subdivision also gave rise to some 
labelled cells in the dorsal column nuclei. Some
injections into the caudal region of VPM also labelled
5.36

Figg. 5.18. a, Low power view of a lightfield 
photomicrograph showing the resultant label in the 
neotortex following an injection into VPM (case 25R) . 
Ort:h>grade label is in layer IV arranged in light and dark 
bamds. The majority of retrograde label is in layer VI, 
how/e7er there is also considerable label in layer V. This 
sectt.on was not counter stained for Nissl.
Figj. 5.18. b, A higher power photomicrograph of the region 
shotw.ng layers IV, V and VI. There are numerous labelled 
str-aids coursing through layer V to reach layer IV.
Figj. 5.18. c, A further magnification of some of the label 
seein in 5.18b. Retrogradely labelled cells are densely 
fil.lcd with HRP seen in layers V and VI. Orthograde label 
obvi(US in layer IV. Layers V and VI are infiltrated with 
laboe]led strands and labelled apical dendrites leading 
towfaids layer IV.
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a b
Fig. 5.19. Low power photomicrograph of sections through 
the brainstem. These sections were not counterstained for 
Nissl. The label is seen in the trigeminal nucleus and 
lateral cervical nucleus, a, b are photomicrographs of 
frontal sections showing HRP label in the rostral 
trigeminal nucleus. c, d represent horizontal sections 
showing HRP label in the lateral cervical nucleus and the 
caudal trigeminal nucleus
TRI trigeminal nucleus
LCV lateral cervical nucleus
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cells in the dentate nucleus of the cerebellum. This label
suggested that cerebellar-thalamic fibres were intersected 
along the path of the needle track.
Following injections into VPM additional label was 
seen both in the neocortex and thalamic regions. It was 
possible to classify this additional label as either label 
from direct projections from the injected area or as label 
from indirect source from the leakage of the needle track. 
The indirect neocortical label was seen in the cingulate 
region, the temporal region, including both auditory and 
temporal areas, and the occipital region. The cingulate 
label was always due to the needle track which, either went 
through the cingulate region or was just lateral to the it.
From one injection into the ventral, caudal region 
of VPM some retrograde label extended into the very dorsal 
area of the auditory region. Other injections into more 
lateral but still caudal regions of VPM gave rise to label 
in the ventral temporal area. In several cases where an 
indirect visual thalamic relay nucleus contained 
retrogradely labelled cells from leakage of the needle 
track, retrogradely labelled cells, mostly in layer VI but 
some we re also present in layer V, were seen in the 
occipital region extending in a horizontal band from just 
posterior of the parietal sulcus to almost the posterior 
end of the brain, see Figure 5.17. From the 
cytoarchitectonic study reported in Chapter 4 this area of 
the occipital region would correspond to area 18.
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Pe rhaps  o n l y  two r e g i o n s  cou ld  be c l a s s e d  a s  
r e c e i v i n g  d i r e c t  l a b e l  f rom VPM, t h e  i p s i l a t e r a l  t h a l a m i c  
r e t i c u l a r  n u c l e u s  and p o s s i b l y  t h e  t egm en t a l  f i e l d .  The 
r e g i o n s  d e s c r i b e d  below a r e  a l l  c l a s s e d  a s  r e c e i v i n g  
i n d i r e c t  l a b e l  from th e  n e e d l e  t r a c k  l e a k a g e .  Very l i t t l e  
r e t r o g r a d e  l a b e l  was p r e s e n t  i n  t h e  med i a l  g e n i c u l a t e  
n u c l e u s ,  MG, from a cau da l  and v e n t r a l l y  p l a c e d  i n j e c t i o n  
i n t o  VPM. Also a n o t h e r  c a ud a l  and v e n t r a l  bu t  more m e d i a l l y  
p l a c e d  i n j e c t i o n  i n t o  VPM gave r i s e  t o  r e t r o g r a d e l y  
l a b e l l e d  c e lls  in  the cen tra l nucleus o f  t h e  i n f e r i o r  c o l l i c u l u s ,  
ICn. The r e t r o g r a d e  l a b e l  i n  MG c o u l d  e i t h e r  be due t o  
sp r e ad  of  HRP from t h e  i n j e c t i o n  s i t e  or t he  i n t e r s e c t i o n  
o f  a u d i t o r y  f i b r e s  a l o n g  t h e  p a th  of t h e  n e e d l e  t r a c k .  The 
l a b e l  i n  ICn co u ld  be due t o  e i t h e r  t h e  t r a c e r
c o n t a m i n a t i n g  MG from t h e  i n j e c t i o n  s i t e  or t h e  
i n t e r c e p t i o n  of t h e  b r ach ium of t h e  i n f e r i o r  c o l l i c u l u s  
a l o ng  t h e  pa th  of t h e  n e e d l e  t r a c t  or even a s e nso ry  r e l a y  
t o  ICn from VPM. In bo th  of  t h e  above  ment ioned  c a s e s  t h e  
t ha l amus  on t h e  o t h e r  s i d e  of t h e  b r a i n  r e c e i v e d  i n j e c t i o n s  
i n t o  VL. In t h r e e  c a s e s  where  med i a l  l e m n i s c a l  f i b r e s  were  
i n t e r s e c t e d  r e t r o g r a d e  l a b e l  was found i n  t h e  zona i n c e r t a .
Two v e r y  c a u d a l l y  p l a c e d  VPM i n j e c t i o n s  
i n t e r s e c t e d  t h e  l a t e r a l  p o s t e r i o r  n u c l e u s  which p r o b a b l y  
gave r i s e  t o  l a b e l  i n  t h e  i p s i l a t e r a l  p r i n c i p a l  p r e t e c t a l  
n u c l e u s  and b i l a t e r a l l y  i n  t h e  m ed i a l  p r e t e c t a l  n u c l e i .  
These c a s e s  a l s o  had b i l a t e r a l l y  l a b e l l e d  c e l l s  i n  t h e  
l ower  l a y e r s  of  t h e  s u p e r i o r  c o l l i c u l u s .  However i t  s hou ld
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be noted that in both of these cases the thalamus on the
other side of the brain received an injection into the 
medial geniculate nucleus. Thus it remains equivocal
whether the label in the deeper layers of the superior 
colliculus is from the auditory injection rather than from 
the pretectal projection. In both cases also, the lower 
layers of the superior colliculus contralateral to the 
thalamus injected in VPM contained the more intense label. 
In both case orthograde and retrograde label was also seen 
in the ventromedial hypothalamic region.
5.4.6 Neocortical projections to the ventral 
posterolateral nucleus. In two cases VPL was injected. The 
lateral and medial projection field to VPL is shown in 
Figures 5.20a and 5.20b. The lateral sensorimotor region 
corresponded to the physiologically defined body
subdivision (Lende, '63a). The body subdivision extended 
from just rostral of the frontal sulcus, caudally down to 
the lateral cingulate region. The medial projection field 
was found to be much more extensive than reported by Lende 
('63a). The medial region was also labelled from injections 
intersecting through medial lemniscal fibres. In the medial 
sensorimotor region retrograde label was only seen in layer 
VI while minute amounts of label were seen in layer IV. In 
the lateral sensorimotor region some large pyramidal cells 
in layer V were retrogradely labelled as well as the 
extensive labelling of cells in layer VI. HRP orthograde 
label was also seen in layer IV (Fig. 5.21). The label seen
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Fig. 5.20. A diagrammatic drawing showing the location of 
the injection site in VPL and the corresponding location of 
the resultant label in the neocortex. Diagram a, is the 
lateral neocortical projection field while diagram b, shows 
the medial neocortical projection field.
Fig. 5.20.C, Diagrammatic representation of the 
distribution of label in frontal sections through the 
shaded region shown in b, case 24L (W24).
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Fig. 5.21. a, Lightfield photomicrograph of a non 
cou:nterstained Nissl section showing retrograde and 
ortlhograde label in the sensorimotor neocortex following a 
VPL HRP injection.
Fig.. 5.21. b, A higher power of some of the labelled region 
sho\wn in the low power photomicrograph.
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Fig. 5.21. c, Ret:r ogjradely labelled cells in the dorsal 
column nuclei of fch? wallaby. A low power photomicrograph 
of a horizontal section with a corresponding photograph of 
a higher power view of the labelled cells in cuneate and 
gracile nuclei.
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contaiminating VPM at the injection site since some label 
was also seen in the face representation region of the
sensorimotor cortex. However since none of the VPM
injections labelled the body region it was clear that main 
nucleus injected was VPL.
5.4.8 Label distribution within the layers of the 
sensorimotor region. Refer to Figures 5.15 and 5.18. 
Retrogradely labelled cells were always seen most
abundantly in layer VI. The full width of layer VI was 
usually labelled, which gave the appearance that label was 
denser in the upper half of the layer due to the close 
packing of cells. In the lower half of the layer where 
fibres of the white matter begin to merge with the cells of 
layer VI the labelled cells although as densely labelled as 
cells in the upper half of layer VI were sparser packed
hence giving the appearance that less labelled cells were 
present. Towards the dorsoventral extremities of the
labelled region which coincided within the vicinity of
sulcal regions, the label was not as wide as in the middle 
region and further it was greatly reduced in width around 
the sulcal regions. Sulcal regions did not define the 
extent of label since on many occasions labelled cells 
extended beyond the sulcal border. Orthograde label was 
also present throughout almost the entire extent of the 
layer VI. This label appeared to be resultant from the
overfilled dendritic processes. Retrogradely labelled cells 
in layer V were particularly abundantly following
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injections into VPM. The labelled cells in layer V are 
large pyramidal cells much larger than those present in 
layer VI. These large pyramidal labelled cells were seen at 
times in clusters always located in the upper region of 
layer V. Strands of orthograde label was also usually seen 
throughout layer V and VI. The strands of label were found 
to be mostly fibres from the thalamus headed towards layer 
IV. However, apical dendrites from the retrogradely 
labelled cells in layer VI also appeared to make some 
contribution to these strands of label through layer V. 
Apical dendrites also from labelled cells in layer V 
appeared to be coursing dorsally towards layer IV. 
Orthograde HRP label was present throughout the width of 
layer IV however the label was not as extensive 
dorsoventrally as that of layer VI. The label in layer IV 
was usually seen arranged in patches of denser labelled 
regions along the dorsoventral extent of the layer. Always 
coincident with the patches of denser label in layer IV was 
a greater density of labelled fibres within layer V which 
also corresponded to a greater density of orthograde label 
in layer IV. Thus the total result was the appearance of 
columns of orthograde label from layer VI to layer IV, seen in 
Figure 5.18. The dorsal region of layer IV contained more 
diffuse orthograde label, this at times appeared to be 
contained within layer III. However, when
non-counter stained and Nissl stained sections were compared 
the majority of label appeared to be in layer IV, the only
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orthograde label present in layer III was perhaps at the 
border region between layers III and IV. No label was seen 
in layer I of the sensorimotor region following the ventral 
thalamic injections.
5.4.9 Injections into the anterior thalamic 
region. Retrogradely labelled cells were present in the 
cingulate region following injections into the anterior 
nuclei. Retrogradely labelled cells were only seen in layer 
VI of the cingulate region. Injections into AM and AV also 
labelled the ipsilateral mammillary body.
An injection into the mammillothalamic tract gave 
rise to label in the lateral frontal neocortical region as 
well as in the lateral region of AD and the lateral region 
of the ipsilateral mammillary body. However, since this 
injection also retrogradely labelled cells in the frontal 
region it is possible that the injection could have also 
included some parts of the amalgamated VA and VL region. 
Injections into the rostral region of the thalamic
reticular nucleus gave rise to label in the ventral, 
frontal, neocortical region as well as the septal region. 
Retrogradely labelled cells were also found in the 
mediodorsal nucleus. Some of the tracer of this injection 
could have spread to the bed nucleus of the stria 
terminalis.
5.4.10 Injections into the medial geniculate 
nucleus. Three injections were made into the medial 
geniculate nucleus which gave rise to label in the auditory 
region shown in Figure 5.22. In one case the medial
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Fig. 5.22. Diagrammatic representation of the injection 
site into the medial geniculate and the resultant labelled 
neocortical region.
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geniculate injection was ventral and lateral while in 
another case the injection was dorsal and medial. In the 
auditory region extensive retrograde label was only seen in 
layer VI filling the full width of the layer. Neither 
retrogradely labelled cells in layer V nor orthograde label 
was found in any layers. From the dorsal medial injection
retrograde and orthograde label was also seen in the 
nucleus of the inferior colliculus and the cochlear 
nucleus. The pathway giving rise to the label in the 
cochlear nucleus remains unknown. Also small amounts of 
retrograde label were seen in the inferior layers of the 
superior colliculus from both cases but not from the third 
case. In all cases the label in the ventral temporal region 
was coincident with the label in the auditory region. The 
more ventral lateral injection also gave rise to label in 
the occipital region shown in Figure 5.22. This label 
appeared to be from the intersection of optical radiation 
fibres along the path of the needle track. In the more 
dorsal occipital region retrograde label was found in layer 
VI while in the middle occipital region retrograde label
was found in both layers V and VI.
5.4.11 Injection into the mediodorsal nucleus. 
Following an injection of HRP into the mediodorsal nucleus
retrograde label was found in the lateral frontal region.
In the very rostral frontal region label was also seen in 
the ventral region above the olfactory bulbs. Retrograde 
label was only seen in layer VI, orthograde label was not
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found. The ipsilateral substantia nigra was densely 
labelled as well as the dorsal region of the mammillary 
bodies.
5.4.12 Injection into the paracentral and oral 
division of the ventromedial nuclei. An injection into the 
paracentral nucleus gave rise to label in the lateral 
frontal region as well as the rostral insular region. There 
were also scattered retrogradely labelled cells in layer VI 
throughout the parietal region. Label was also found in the 
ipsilateral substantia nigra. In another injection both the 
paracentral nucleus and oral division of the ventromedial 
nucleus were injected. Retrogradely labelled cells were 
found in both the frontal and insular regions. Orthograde 
label was not seen in any layer. Substantial label was 
found in the ipsilateral substantia nigra. Both mammillary 
bodies were labelled, the ipsilateral region contained more 
label than the contralateral region. Also, labelled fibres 
were seen in the rostral thalamic region within the area of 
the reticular nucleus and ventral anterior and 
ventrolateral nuclei.
5.5 DISCUSSION
5.5.1 Neocortical regions. Lende ('63a) 
physiologically mapped the neocortex of the wallaby.
He delineated the sensorimotor area contained within the 
parietal region, as well as the visual region and auditory 
region. The study on the neocortical cytoarchitectonics 
(Chapter 4) supported Lende's sensory neocortical 
delineation as well as subdividing the cortical mantle into
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six different regions. The main features found from the 
cytoarchitectonic study relating to this study was that an 
agranular region did not exist in the neocortex of the 
wallaby. Layer IV was found throughout the entire neocortex 
Further, within the parietal region layer IV was as 
prominent and as extensive as layer V. The 
results from the HRP study confirmed the cytoarchitectonic 
subdivisions.
5.5.2 Thalamic nuclei. In order to study the 
projections from VL and VB it was necessary to have a 
general description of the whole of the dorsal thalamus in 
order to locate these nuclei and distinguish them 
cytoarchitectonically from neighbouring thalamic nuclei. 
Having made the description of the general cytoarchitecture 
of the thalamus, it enabled the identification of the 
thalamic location of labelled cells from neocortical and 
thalamic HRP injections. Also, from the thalamus 
description it was easier to identify the location of the 
injection site as well as to determine which other nuclei 
were contaminated by the tracer. The HRP study gave support 
to the cy toarchitectonic identification of many of the 
thalamic nuclei described in Chapter 3.
5.5.3 Injection site. The two major concerns were 
firstly to locate as accurately as possible the position of 
the thalamic injection site and secondly to determine to 
what extent the diffusion at the injection site, for both 
neocortical and thalamic injections, contributed to the 
resultant orthograde and retrograde label. The thalamic
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injection site was usually determined from the Nissl 
stained TMB reacted sections as well as the Nissl stained 
non TMB reacted series of sections. The section containing 
the most ventral needle track was taken to be the central 
area of the injection site, and the centre of the injection 
site was taken to be the thalamic area 0.8 mm above the 
most ventral region of the needle track. This measurement, 
0.8 mm, coincides with position of the ejection hole from 
the ventral tip of the needle. This procedure was found to 
give an accurate assessment of the thalamic injection site.
The second main concern was to what extent did the 
diffusion at the injection site affect the resultant label. 
From the large (0.2 pi) neocortical injections containing 
both HRP and tritiated amino acids it was found that the 
TMB process yielded a larger area of diffusion around the 
injection site than did the autoradiographic process. This 
suggests that the TMB process is more sensitive than the 
autoradiographic process. However, from the results it 
appears that only the deeply staining TMB area surrounding 
the injection site is contributing to the HRP uptake. The 
paler area surrounding the deeply staining area does not 
appear to be contributing to the HRP uptake. The paler 
staining area could be due to possibly blood, from cut 
vessels around the injection site, reacting with hydrogen 
peroxide or residual HRP that has not been taken up. It is 
possible that both of these factors are also influencing 
the region around the injection site and that the paler 
staining region could be due to passive diffusion of HRP
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from the injection site or terminals from cut axons. Also 
within or close by the paler region there were retrogradely 
labelled cells. The labelled cells appearing like Golgi 
stained cells were most likely due to cut axons from the 
injection site.
The confined limits of both orthograde and 
retrograde label support the suggestion that only the area 
immediately surrounding the centre of the injection site is 
responsible for all or most of the HRP uptake. The rest of 
the labelled region around the injection site appears to 
have little or no influence over the uptake. Further 
support for this suggestion came from two neocortical HRP 
injections which produced two or three retrogradely 
labelled cells in the thalamus. In these two cases one 
injection was made into the supragranular neocortical 
layers (layers II and III) while the other injection was 
made deep into the white matter. In both cases the apparent
diffusion at the injection site was over layers IV, V and
VI but hardly any HRP transport resulted from these
injections. Feldman and Kruger ('80) also found that the
total zone of diffusion at the injection site was a
misleading indicator of area responsible for the resultant 
proj ection.
This is the first determination of the 
thalamo-cortical relations in the wallaby. Small
injections are easily located but their projection- is small, 
hence r a large number of animals (wallabies) would be 
required. In contrast, large injections centred on the
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nucleus will label the whole projection at the risk 
of tracer spreading to other thalamic nuclei. Therefore, 
large volumes were used with the following provisos.
Injections of HRP were made into different 
locations within VL and VB. Each injection gave rise to 
label in slightly different location within the
sensorimotor region always following a topographical
pattern. This indicated that the area of HRP uptake was in 
the immediate vicinity of the area where the tracer was 
injected and, that diffusion had very little or no effect 
on the resultant label. Further proof of the injection site 
came from the selectivity of cerebellar and brainstem label 
following VL and VB HRP injections. Very little 
label was found in the cerebellar nuclei following VPM and 
VPL injections. Also some label was present in the trigeminal 
nucleus following a VL injection. The majority of label in these 
nuclei (cerebellar and trigeminal) was a reliable indicator as to 
which nucleus was injected. Also nuclei that could have 
been contaminated with tracer from the needle track were 
injected individually in order to establish the extent of 
their projection. Particularly to see whether these nuclei 
had considerable projections from the sensorimotor region. 
Hence both the location of the thalamic injection site as 
well as the extent of the diffusion could be determined 
quite accurately by applying all the criteria described 
above. Thus, it was always possible to determine the 
maximum extent of efferent projections to individual 
thalamic nuclei.
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t h e  s u l c u s  and i n t o  t h e  a d j a c e n t  n e o c o r t i c a l  r e g i o n .  Also 
a t  t i m e s  t h e  l a b e l  b o th  i n  l a y e r s  IV and VI was s een  n o t  t o  
r e a c h  up t o  t h e  f u n d a l  r e g i o n  of  t h e  s u l c u s .  I t  was a l s o  
n o t i c e d  t h a t  l a b e l  i n  l a y e r  VI ended a t  bo th  e x t r e m i t i e s  by 
t a p e r i n g  o f f  t o  on ly  a few c e l l s  i n  w i d t h .  There  a r e  
s e v e r a l  p o s s i b i l i t i e s  which co u ld  e x p l a i n  t h e s e  f e a t u r e s .  
F i r s t l y  i f  t h e  d i f f u s i o n  of  t r a c e r  a t  t h e  i n j e c t i o n  s i t e  
p a r t i c u l a r l y  one l o c a t e d  i n  t h e  p r o x i m i t y  of  a b o r d e r  
be tween two n u c l e i  s p r e a d  t o  a b o r d e r i n g  n u c l e i  t h e n  i t  i s  
q u i t e  c o n c e i v a b l e  t h a t  t h e  n e o c o r t i c a l  l a b e l  e x t e n d e d  
beyond t h e  s u l c a l  l i m i t .  The t h i n n i n g  ou t  and t h e  f a i l u r e  of 
l a b e l  t o  r e a c h  t h e  s u l c a l  l i m i t  co u ld  be e i t h e r  due t o  t h e  
up t ak e  of  t r a c e r  a t  t h e  i n j e c t i o n  s i t e  or  a 
c y t o a r c h i t e c t o n i c  f e a t u r e .  I f  u p t ak e  of  HRP o c c u r r e d
o u t s i d e  t h e  immedia t e  v i c i n i t y  of t h e  i n j e c t i o n  s i t e  f o c u s  
t h a n  i t  c o u l d  be p o s s i b l e  t h a t  l e s s  HRP would be a v a i l a b l e  
f o r  t r a n s p o r t  hence  t h e  r e s u l t  would be t h e  f a i l u r e  of  t h e  
l a b e l  t o  r e a c h  c e l l s  i n  t h e  s u l c u l  l i m i t .  However,  t h i s  
would a p p e a r  u n l i k e l y  s i n c e  from a l a r g e  (0 .1  ,ul) t h a l a m i c  
i n j e c t i o n  aimed t o  see  e x t e n s i v e  l a b e l l i n g  i n  t h e  
n e o c o r t e x ,  minimal  q u a n t i t i e s  o f  HRP t r a n s p o r t e d  by o t h e r  
t h a n  t h e  a r e a  a roun d  t h e  i n j e c t i o n  f o c u s  would be masked.  
The f a i l u r e  of  t h e  l a b e l  t o  r e a c h  t h e  s u l c a l  l i m i t  a s  w e l l  
a s  when t h e  l a b e l  e x t e n d s  over  t h e  s u l c a l  l i m i t  when t h e  
c e n t r e  of  a n u c l e u s  i s  i n j e c t e d  a p p e a r s  more l i k e l y  t o  be 
due t o  an i n h e r e n t  c y t o a r c h i t e c t o n i c  f e a t u r e .  Th i s  would 
s u g g e s t  t h a t  s u l c i  do n o t  p r e c i s e l y  d e l i n e a t e  r e g i o n a l  
b o u n d a r i e s .  T h i s  s u g g e s t i o n  i s  s u p p o r t e d  by r e s u l t s  f rom a
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s t u d y on t h e c e r e b r a l c o r t e x  by E l l i o t  Smith ( ’ 07) who
s t a t e s II •  •  • a s  , a r u l e s u l c i do no t  d e v e l o p w i t h
m a t h e m a t i c a l p r e c i s i o n a t t h e  e x a c t boundary 1 i n e s of
a d j o i n i n g  a r e a s . . . " .
5 . 5 . 6  A d d i t i o n a l  n e o c o r t i c a l  and t h a l a m i c  l a b e l .  
A d d i t i o n a l  l a b e l  was c l a s s i f i e d  a s  d i r e c t  and i n d i r e c t  
de p en d i ng  on whe the r  t h e  a d d i t i o n a l  l a b e l  was due t o  a 
d i r e c t  p r o j e c t i o n  from t h e  i n j e c t i o n  s i t e  or  i t  was 
i n d i r e c t l y  due t o  l e a k a g e  a lo ng  t h e  p a th  of t h e  n e e d l e  
t r a c k .  (The t e rms  s p e c i f i c  and n o n - s p e c i f i c  were  no t  used  
i n  c a se  of  c o n f u s i o n  i f  r e f e r r i n g  t o  s p e c i f i c  and 
n o n - s p e c i f i c  t h a l a m i c  n u c l e i ) .
The two a r e a s  c l a s s i f i e d  a s  r e c e i v i n g  d i r e c t  
p r o j e c t i o n s  were  t h e  t h a l a m i c  r e t i c u l a r  n u c l e u s  and 
p o s s i b l y  t he  t e g m e n t a l  f i e l d .  In  t h e  r a t  Minderhoud ( ’71) 
r e p o r t e d  t h a t  p r o j e c t i o n s  e x i s t e d  be tween t h e  r e t i c u l a r  
n u c l e u s  and t h e  p r i n c i p l e  t h a l a m i c  n u c l e i ,  p o i n t i n g  ou t  VL 
as an example .  Angel and H e r r e r o  ( ' 8 5 )  a l s o  i n  t h e
r a t ,  have  r e p o r t e d  f i n d i n g  d i r e c t  p r o j e c t i o n s  from VB and 
t h e  r e t i c u l a r  n u c l e u s .  The on ly  o t h e r  p o s s i b l e  d i r e c t  
p r o j e c t i o n  from VB was t o  t h e  t e g m e n t a l  f i e l d .  From a 
d e g e n e r a t i o n  s t udy  i n  t he  opossum Ma r t i n  ( ' 68b )  r e p o r t e d  a 
p a r i e t a l - t e g m e n t a l  p r o j e c t i o n .  S ince  d e g e n e r a t i o n  was a l s o  
found  i n  t h e  v e n t r a l  t h a l a m i c  n u c l e i  i t  i s  p o s s i b l e  t h a t  
t h i s  may a l s o  have had an e f f e c t  on t h e  d e g e n e r a t i o n  s e en  
i n  t h e  t e g m e n t a l  f i e l d  a p a r t  from d i r e c t  p r o j e c t i o n s  from 
t h e  p a r i e t a l  r e g i o n .  N o n e t h e l e s s ,  i t  i s  p o s s i b l e  t h a t  i n  
t h e  w a l l a b y  e i t h e r  a d i r e c t  VB to  t eg m en t a l  f i e l d
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projection does exist or that fibres passing rostrocaudally 
through the thalamus to reach the tegmental field were 
intersected, thus producing the label seen following every 
VB injection.
The majority of additional label was from leakage 
of HRP tracer along the needle track. Since this was 
impossible to avoid most regions which were contaminated, 
were injected individually to see the extent of their 
projections. Careful consideration was always given to this
probl em since the additional label in the sensorimotor
region could confuse the results of the proj ections
obtained from VB and VL. In almost every injection into the 
thalamus both the cingulate region and the anterior nuclei 
were always intersected. However, it was found that, like 
the eutherian mammalian plan, (for review see Jones, '81) 
that the cingulate region shared reciprocal projections 
with the anterior nuclei. Also, many injections intersected 
the mediodorsal nucleus which was found to have reciprocal 
connections with the frontal region of the neocortex. 
Therefore these three regions which were frequently 
contaminated with tracer were all found not to project to 
the sensorimotor region. Both paracentral and central 
lateral nuclei were also often intersected and contaminated 
with tracer.
The paracentral and central lateral nuclei were 
found to have mostly reciprocal projections with the 
frontal neocortical region as well as sparse input from the 
entire sensorimotor region. Any label from either of the
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two nuclei reaching the sensorimotor region would most 
likely be masked by the denser projection from either VL or 
VB. The only two other thalamic nuclei, lying dorsal to 
either VL or VB, and hence, also were contaminated with 
tracer were the posterior nucleus, PO, and the lateral 
posterior nucleus, LP. Two thalamic injections which were 
close to the PO-VB border produced label in the 
sensorimotor region in a similar location to that produced 
from an injection into VB which did not involve PO. The 
full extent of the neocortical projections to PO could not 
be determined from these results. However, it appears from 
the two injections that PO receives some projections from 
the sensorimotor region which overlap with the more 
substantial projections to VB. Hence, any label found in 
the sensorimotor region from PO would be masked by the more 
prominent VB projections.
Since i t was evident that the cortico-thalamic
relations of the wallaby followed the basic eutherian
mammalian plan, it would be unusual to have suspected that 
LP had prominent projections to the sensorimotor region. 
The label found in the occipital region was attributed to 
LP since in the eutherian mammal it is well documented (for 
review see Jones, '84) that LP projects only to neocortical 
visually related regions. For this reason LP was not 
injected in order to see whether it had projections to and 
from the sensorimotor region.
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In addition to indirect neocortical label there
was also indirect subcortical label that could be 
attributed to leakage of tracer following injections into 
the thalamus. The label found in the pretectal nuclei could 
possibly be due to the leakage of tracer from LP or medial 
lemniscal fibres intersected along the path of the needle 
track. In the cat it has been reported that the pretectum 
receives projections from the dorsal column nuclei (Berkley 
and Marsh, '78; Bull and Berkley, '84). Hence, some of the 
label in the pretectum could be due to somatosensory input 
while the remainder could be due to visual input from LP or 
even optical fibres. The zona incerta was also reported in 
cat (Berkley, '80; Budell and Berkley, '84) to receive 
projections from the dorsal column nuclei and in the 
opossum (Erickson, et al. , '64; Pubols and Pubols, '66) to
be involved with somatic relay. As with the pretectum, 
probably the label found in the zona incerta of the wallaby 
could be due to medial lemniscal fibres intersected in 
course of the injection into VB.
Label found in the medial geniculate nucleus, MG,
could be due to the intersection of corticogeniculate
fibres ( see * below). It is possible that the
dorsal column nuclei could also be projecting to MG
since RoBards ('79) and Martin, ('83) have reported that in
the opossum the inferior colliculus receives projections
from the dorsal column nuclei. Thus, a parallel pathway
extending to MG could be possible. The label found in the
nucleus of the inferior colliculus could be due to the
* According to Berkley ('80) there is a direct somatosensory projection 
to MOM, but this is not supported by the work of Curry and Gordon ('72) .
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intersection of the brachium of the inferior colliculus
which appears unlikely due to the caudal location of the 
brachium. The corticollicular pathway could have been 
intersected but that would only account for the orthograde 
label which was much less in quantity than the retrograde 
label. RoBards ('79) found a direct pathway from SMII to 
the external nucleus of the inferior colliculus. it could 
be possible that such a pathway also exists in the wallaby. 
Further, these fibres may be coursing through the
somatosensory thalamus. Although an SII region has not
been identified in the wallaby this area may be present, 
but yet to be identified.
The classification of laminae of the superior 
colliculus of the cat (Kanaseki and Sprague, '74) was used 
to identify which layer of the superior colliculus of the 
wallaby contained label. Label was located in layer V, in 
the stratum lemnisci of the superior colliculus. Within the 
deep layer of the superior colliculus of the cat it was 
found that there is a stratified organisation consisting of 
visual, somatosensory and acoustic representation (Stein, 
et al. , *76) and Wise and Irvine ('83) confirmed the
acoustic representation. Label in the superior colliculus
was found mostly following injections into the medial 
geniculate nucleus it would appear that the superior 
collicular label is predominantly from auditory relay. It 
is interesting to note that in both cases, both
ipsilateral and contralateral superior colliculi contain 
label in the deep layers. The colliculus ipsilateral to the
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medial geniculate nucleus which received an HRP injection 
had always the denser and more label. The contralateral 
colliculus, which in both cases was ipsilateral to the 
ventral posteromedial nucleus which was injected with HRP, 
had much less label both in quantity and density. Whether 
the contralateral label is due to a bilateral projection 
from MG or an ipsilateral projection from VB could not be 
determined from the results, since, VB injections without 
contaminating MG also produced label in the colliculus.
Corticocortical label was seen following several 
neocortical injections. The posterior parietal HRP 
injection gave rise to labelled cells in the ventral 
temporal region. These were located mostly in layer III and 
some in layer V. In eutherian mammals association fibres 
were found to arise from similar layers (Powell, '77). The 
results of this finding suggest that the ventral temporal 
region could be functioning as a visual association area. 
This was also suggested for the possum (Crewther, et al.,
' 84) .
Although additional label was seen in the thalamus 
and neocortex and even some in the sensorimotor region it 
is quite conclusive that it did not interfere with the 
interpretation of the results from the projections from VL 
and VB. It is also evident that the organisation of the 
corticothalamic projections in the wallaby follow a basic 
eutherian mammalian plan.
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5.5.7 Neocortical sensorimotor to thalamic 
ventrolateral nucleus relations. From both the HRP and cyto- 
architectonic studies it was possible to establish the 3 
dimensional location of VL within the thalamus. The most 
anterior region of VL appears to be amalgamated with the 
homologue of a eutherian ventral anterior nucleus while the 
rest of the nucleus appears to be a separate VL nucleus. 
The maximum extent of sensorimotor region which projects to 
VL was also established. It was noted that there was a 
medial to lateral topographical arrangement of projections 
between neocortex and VL. This topography was the same as 
that reported for the opossum (Donoghue and Ebner, '81).
Injections into the body subdivision of the 
sensorimotor region produced considerable larger quantity 
of label in VL than did injections into the head 
subdivision. The body subdivision of the sensorimotor 
region corresponds to the area of neocortex from which
Abbie ( ' 40) found motor evoked responses in Macropus. In
the rostral head subdivision VL terminals appeared to be
widely arborized. Extensive arborization of VL projections 
in the sensorimotor region of the cat was reported by 
Asanuma, et al. ('74). The ventrolateral nucleus does not 
project or receive projection from the caudal head 
subdivision of the sensorimotor region. In the opossum it 
was found that VL had extensive projections even beyond the 
parietal region and into the posterior parietal region 
(Donoghue and Ebner, '81). In the wallaby an injection into 
an equivalent of this posterior region did not label VL.
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This suggests that there is the beginning of the
neocortical separation between motor and somatosensory
regions in the wallaby. The results suqqest that VL may be
*involved with motor relay and that the motor region of the 
neocortex defined in this way is not as extensive as either 
the physiologically defined motor region or the
somatosensory region.
From the results of the neocortical injections it 
was seen that the rostral intralaminar nuclei, PC and CL 
were concurrently labelled with VL. Since both nuclei were 
found to be well differentiated in the thalamus this could 
suggest a coextensive participation of these nuclei with VL 
within the sensorimotor region. Killackey and Ebner ('73) 
also found these nuclei to converge with VL in the 
sensorimotor region of the opossum. However, in the wallaby 
further studies are needed to determine whether the 
participation of CL and PC is associated with motor or even 
supplementary motor function as found in eutherian mammals 
(see Berman and Jones, '82).
The sensorimotor region which did not project to 
VL was also found to contain a wide layer V this could be 
homologous to the situation found in eutherian mammals 
where layer V cells in the sensory cortex form part of the 
pyramidal tract (Groos, et al., '78; Murray and Coulter,
'81). This could also explain why Lende found a more 
extensive motor region using only physiological techniques.
* see Appendix II
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It is interesting to note that Haight and Neylon 
('79, '81b) also found the motor region less extensive than
the somatosensory region in both the Australian possum and 
native cat. Further in the possum, native cat and wallaby a 
similar located region in the caudal sensorimotor region 
was found to lack reciprocal input to VL. This suggests 
that perhaps all Australian marsupials exhibit this 
advanced neurological feature which could represent the 
beginning of the separation between motor and somatosensory 
neocortical regions within the head subdivision.
A very interesting feature seen from the VL HRP 
injections was the abundant orthograde label in layer IV. 
In the same experiment the label was also seen in layer IV 
from the autoradiographic process. The amount of label 
present in layer IV is probably a feature of marsupials 
since in these animals there is extensive overlap of the 
motor and somato sensory regions. However, the question 
remains until physiological results are available as to 
whether, the orthograde label in layer IV following a VL 
injection is motor or somatosensory in relay and function.
5.5.8 Neocortical sensorimotor to thalamic 
ventrobasal relations. From results both neocortical and 
thalamic HRP injections it was seen that VB consisted of 
two separate and distinguishable regions namely VPM and 
VPL. These nuclei have separate afferent relay to the 
sensorimotor region namely VPL relaying to the body 
subdivision and VPM relaying to the head subdivision.
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Further, there is total separation between brainstem 
projections to VPM and VPL. The trigeminal and lateral 
cervical nuclei relay to VPM while the dorsal column nuclei 
relay to VPL. The anatomical delineation of the body and 
head subdivision of the sensorimotor region were found to 
correspond to the physiological delineation made by Lende 
(’63). In this study it was found that most of the medial 
parietal region (the caudal two thirds of its
anteroposterior extent) is involved in sensorimotor
function. Extensive overlap was found between the 
somatosensory and motor regions but the caudal head
subdivision of the sensorimotor region was found not to
contain overlap with the motor region.
The overall topography of the body subdivision 
located medially in the neocortex was found to be 
represented most laterally in the thalamus. Within the head 
subdivision, the lateral region in the neocortex was 
located medially in the thalamus. The topography of the 
entire region does follow the same topographical 
arrangement as that found in the opossum by Donoghue and 
Ebner ('81) but the topography within each subdivision was 
found to follow a different pattern. In both subdivisions, 
but more noticeable in the head subdivision the rostral 
sensorimotor region was represented medially within the 
thalamus and the caudal subdivision was represented 
laterally. The topographical arrangement of head and body 
regions was known from the physiological maps of the
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sensorimotor region of the wallaby (Lende, '63a; Weller, et 
al. , '76). Thus it was found that the topographical
arrangement in VB of the wallaby corresponded to that found 
physiologically for the opossum (Pubols and Pubols, '66; 
Bombardieri, et al., '75). Both the neocortical and 
thalamic topographical somatosensory arrangement in the 
wallaby appears to follow a similar plan to that of the 
opossum. Physiological work is needed on the wallaby to
expand and confirm the anatomical findings.
Foil owing neocortical injections the label in VPM
was seen arranged in slabs or lamellae irrespective of the
volume injected. The same organisation of label in VB
(irrespective of the volume injected) was f ound in the
raccoon (Warren and Pubols, '84) and the rat (Sapor ta and
Kruger, ’77) . In the monkey rods (Jones, et al. , '82) or
slabs (Kaas, et al., ’84) were suggested to characterise a
more specialised or finer organisation in VB. Within the
lamellae a further subdivision was found to consist of a 
smaller grouping of cells projecting to small punctate
zones in the somatosensory cortex of the monkey (Jones, et 
al., '82). This was seen when smaller volumes of tracer
were injected in the somatosensory cortex of the monkey 
(Jones, et al., '79) which gave rise to more focal
labelling in the thalamus. In the raccoon and rat as in the 
wallaby both slabs and lamellae were seen irrespective of 
the quantity injected. This could suggest that lamellae are 
representing a larger neocortical region which could be
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regarded as the basic eutherian mammalian organisation of 
VB and slabs are representing more specialised or finer 
organisation.
Jones et al. ('82) suggested that in the monkey
regions which need more specialisation are represented as 
slabs in VB while those regions requiring less 
specialisation retain the lamellae organisation. A
similar organisation isevident for the ventrobasal thalamus 
of the wallaby. Warren and Pubols ('84) suggested that the 
failure of obtaining more focal labelled regions in VB with 
lesser volume of tracer could be involved with the lack of 
multiple representation in the somatosensory cortex seen in 
monkeys (Kaas, et al., '79). In the wallaby, it was shown 
that the ventrobasal thalamic organisation could parallel 
that of the rat if not even that of the raccoon, while 
still retaining extensive overlap of the sensorimotor 
region. More information is needed, from different species 
of primates, other eutherian mammals as well as marsupials 
to be able to make further predictions about the nature of 
the ventrobasal organisation with the organisation of the 
somatosensory cortex.
The pattern of retrogradely labelled cells seen in 
layer VI following injections of HRP into VPM was similar 
to that reported by Wise and Jones ('77) for the rat. 
However, differential cell labelling within layer VI 
corresponding to different injected nuclei was not seen. 
Neither was there any difference between the labelling 
pattern in layer VI, from injecting different locations
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within VB. The differential labelling could have been 
masked by the large injections if it were present.
A most striking feature of the retrograde 
labelling pattern was the abundant and extensive label in 
layer V. This was coexistent but not coextensive with the 
label in layer VI. Retrogradely labelled cells in layer V 
were seen following injections into either VL or VPL but 
nowhere as abundantly as the label seen in layer V 
following VPM injections. The labelled layer V cells were 
seen most abundantly in the caudal head subdivision of the 
sensorimotor region which contains only trigeminal relay 
and is not overlapped with the VL-motor relay. It is 
possible that some of the label seen in layer V could 
possibly be due to the influence of PO. The more probable 
suggestion is that these large labelled cells in layer V 
are connected with the cells of the pyramidal tract. It has 
been shown in both cat and monkey that a small area 
equivalent to the metatherian ventrolateral nucleus sends 
fibres directly to the motor cortex (for review see 
Asanuma, '81). It has also been reported in the cat that 
pyramidal tract collaterals project to ventral lateral 
thalamic nuclei (Clare, et al., '64) and ventrobasal 
complex (Shimazu, et al. , '65). Endo et al. ('75) has 
suggested that these collaterals could be functioning as a 
feedback system through the subcortical level. Hence this 
could be one possible source for the label found in layer V 
of the wallaby since VL, VPL and VPM were all found to
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receive projections from this layer. Another point of 
interest is that the label in layer V from the PM 
injections at times appeared in small clusters. Following 
corticospinal injections in the cat (Groos, et al.f '78) 
and in the monkey (Murray and Coulter, '81) retrogradely 
labelled cells were found arranged in clusters in layer V. 
The appearance of the pattern of label of these cells was 
similar to that seen in the wallaby. These similarities 
between the eutherian mammalian results and the wallaby 
strongly suggest that the label in layer V is related to 
the pyramidal tract system.
The orthograde label seen in layer VI appears to 
be from dendritic spillage from overfilling rather than 
direct thalamic projections. Also many strands of labelled 
fibres heading towards layer IV at times gave the 
appearance that there was orthograde label in layers V and 
VI. From the autoradiographic results no label was seen in 
either layers V or VI. Orthograde (HRP) label was seen in 
the entire width of layer IV. However the orthograde label 
was not as extensive in length as the retrograde label. 
This could be a direct effect from uptake at the injection 
site in that perhaps more concentrated quantities of HRP 
are required to see the total extent of orthograde label. 
Also the survival time may not have been long enough or, 
the TMB procedure aimed primarily to see retrograde label 
was not sensitive enough for visualizing minute quantities 
of HRP orthograde label which could have been present in 
layer IV.
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From either VL and VPM injections the label along 
layer IV was organised in irregular sized patches of dark 
and light labelled areas. However, the orthograde label 
from a VPM injection was far more extensive rostrocaudally, 
and prominent than that seen from the VL injection. There 
are three different possibilities to explain such a pattern 
of label. Firstly these columns could be representing a 
barrel field, similar to that seen by Wise and Jones ('78) 
in the rat, which was not seen from the Nissl stained 
sections described in Chapter 4. The physiologically 
defined vibrissal region in the wallaby (Lende, '63a; 
Weller, et al., '76) was found in the caudal head
subdivision of the sensorimotor region. The label obtained 
from the VPM injection does correlate to this location. 
Therefore, there is a strong possibility that a barrel 
field does exist in the neocortex of the wallaby. The
second possibility is that the patches of label seen in
layer IV could be representing the slab like label seen in 
VB. Hence the patches in layer IV could be representing 
modality columns. The third possibility is that the patches 
are representing commissural or corticocortical fibres. A 
similar arrangement of alternating light and dark patches 
was seen from a commissural and corticocortical study in 
primate (Jones, et al., '75). The wallaby, although it lacks 
a corpus callosum it most likely has a similar
interhemispheric system like the opossum (Manning and 
Megirian, '63; Martin, '67) and possum (Aitkin and Gates,
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'83) where the anterior commissure is the major pathway for 
interhemispheric relay. These fibres were seen to course 
within the thalamus in the possum (Aitken and Gates, *83). 
Hence the patches of label could be representing
interhemisphere relay. It is most unlikely that the label 
in patches could be arising from the contralateral
hemisphere since large volumes, up to 0.8 ul (Aitken and 
Gates, '83) and long survival times, up to three days 
(Crewther, et al., '84) were required to see label travel to
the opposite hemisphere in the possum. There is another 
possibility which has to be considered since the patches of 
darker label are consistent throughout layers V and VI 
also. These being due to more fibres or more deeply stained 
fibres transgressing through layers V and VI to reach the 
area where the darker patch is seen in layer IV. Thus 
giving a similar appearance to the ocular dominance columns 
described by Wiesel et al. ('74). It could be possible that
there is differential uptake of HRP at the cell body level 
within the injection site giving rise to the lighter and 
darker patches in layer IV. The source of the light and 
dark patches remains equivocal until further information is 
available from anatomical and physiological work on the 
neocortex of the wallaby and perhaps other marsupials to 
support or disprove the above suggestions.
In the monkey Kaas et al. ('84) found that VPI 
projected to SII. Although VPI was identified in the 
thalamus of the wallaby an SII region was not found in the
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neocortex. Lende ('63a) also could not identify
physiologically an SII region. The most probable area where 
S11 could be found if it exists is the most lateral and 
caudal area of the sensorimotor region which lies between 
the preparietal and parietal sulci. Lende also suggested a 
similar region for SII.
5.5.9 Insular thalamic relations. In the wallaby 
the insular region was identified in the same location as 
that found in the opossum (Gray, ’24), and to a large 
extent in the rat (Krettek and Price, '77). HRP injections 
into the insular region gave rise to orthograde and 
retrograde label in both VM and VMO and reciprocally the 
only time label was seen in the insular region, only in 
layer VI, was, following an injection into VM and VMO. It 
is noteworthy that the position of the label in the 
thalamus following injections into the insular region was
similar to that found in the rat (Saper, ' 82) . The
similarity of the labelling pattern found from the
cortico-thalamic projections between the rat and wallaby 
was used to support and confirm the identification of both 
the insular region and the thalamic nuclei.
In the possum, Haight and Neylon ('78c) did not 
describe an insular region and instead of a VM or VMO 
region they described a posteromedial ventroposterior 
nucleus, VPP, relaying to the somatosensory region. Haight 
and Neylon ('78b) suggested that both the thalamic region, 
VPP, and the neocortical region where VPP projected
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are involved with gustatory function. Also, Lende ('63a) 
did not delineate an insular region in his physiological 
study, he included it into the sensorimotor region 
representing the tongue region.
The thalamic region identified as VMO is most 
likely homologous to the eutherian VMB. As described in 
Chapter 3, the term VMB was not used for the wallaby 
because the cells in VMO were not similar to those of VMB. 
It has been reported in the monkey (Schneider, et al. , 
'84), the cat and rat (Guldin and Markowitsch, '83, '84)
that the granular insular cortex has somatosensory and 
multifunctional properties. It has also been suggested 
(Schneider, et al., '84) that the granular insular cortex
could serve as link in a sensory pathway with SII. In the
wallaby SII was not found but if it were present the most
probable place for its location would be just caudal to the 
insular granular region. This suggests both that the 
granular region in the wallaby could be serving some 
somatosensory function, although no proof of this was found 
and further, and that SII might exist in the location where 
it has been proposed that it would be found. The results 
from the HRP study in the wallaby could only show that both 
agranular and granular insular region are involved with
gustatory function.
5.5.10 Sensorimotor overlap. In the wallaby 
extensive overlap was found between the motor and
somatosensory region. The area which was found not to be
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overlapped was the caudal head subdivision of the 
sensorimotor region. It was shown both
cytoarchitectonically and from the HRP thalamic study that 
the non overlapped region contained a substantial layer V. 
In the possum Haight and Neylon ('79) found much less 
overlap than found in this study for the wallaby. Possums 
could be exhibiting even more advanced neurological 
features than the wallaby as even suggested by a 
neuropeptide study (Acher, * 81).* It is noteworthy to 
mention the following. In the review of the pyramidal tract 
Asanuma ('81) pointed out that by stimulating the medullary 
pyramids the potentials are not restricted to the motor 
cortex in both monkey and cat but spread to the 
somatosensory cortex. Also, Porter ('55) in the possum 
delineated a much wider motor field using pyramidal tract 
stimulation, than that found by anatomical methods (Haight 
and Neylon, '79). This could provide grounds for a 
suggestion as to why in the wallaby Lende ('63a) found a 
somewhat larger physiological motor area than that
delineated by anatomical methods. Firstly it appears that 
the pyramidal tract cell bodies in layer V are present 
within the entire sensorimotor region and secondly Lende 
was using high currents for stimulating the motor region. 
Therefore, either the pyramidal tract cell bodies in layer 
V in the non overlapped region evoked a movement in the 
limbs or the current being very high spread to the 
neighbouring motor region and evoked the movement response.
* see page 5.76 for details
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T h i s  c o u l d  e x p l a i n  t h e  s m a l l  d i s c r e p a n c y  b e t w e e n  t h e  
p h y s i o l o g i c a l  a n d  a n a t o m i c a l  d e l i n e a t e d  m o t o r  r e g i o n  i n  t h e  
w a l l  a b y .
5 . 6  CONCLUDING REMARKS
The  v e n t r o l a t e r a l  and  v e n t r o b a s a l  n u c l e i  h a v e  b e e n  
i d e n t i f i e d .  I t  h a s  b e e n  shown t h a t  t h e i r  p r o j e c t i o n s  a s
w i t h  t h e  o t h e r  t h a l a m i c  n u c l e i  i n  t h e  w a l l a b y  f o l l o w  a 
b a s i c  e u t h e r i a n  mammal i an  p l a n .  N o n e t h e l e s s ,  e x t e n s i v e  
o v e r l a p  was  f o u n d  b e t w e e n  t h e  e f f e r e n t  p r o j e c t i o n s  o f  VB
a n d  VL, t h e  o v e r l a p  b e i n g  a l m o s t  a s  e x t e n s i v e  a s  L e n d e
( ' 6 3 a )  h a d  p r e d i c t e d  p h y s i o l o g i c a l l y .  U s i n g  a n a t o m i c a l  
m e t h o d s  an  a r e a  i n  t h e  h e a d  s u b d i v i s i o n  wa s  f o u n d  t o
r e c e i v e  o n l y  t r i g e m i n a l  r e l a y .  The l a c k  o f  t o t a l  
s e n s o r i m o t o r  o v e r l a p  c o u l d  be  i n d i c a t i n g  t h a t  t h e r e  i s  a
b e g i n n i n g  o f  t h e  s e p a r a t i o n  b e t w e e n  s o m a t o s e n s o r y  a nd  m o t o r
a r e a s .  T h i s  t h e n  s u g g e s t s  t h a t  t h e  w a l l a b y  i s  m o r e
n e u r o l o g i c a l l y  a d v a n c e d  t h a n  t h e  o p o s s u m ,  and  c o u l d  a l s o  
s u g g e s t  t h a t  m o s t  A u s t r a l i a n  m a r s u p i a l s  c o u l d  b e  mo r e
a d v a n c e d  t h a n  t h e  A m e r i c a n  o p o s s u m .  Thus  t h e  w a l l a b y ,  
h a v i n g  a p a r t i a l l y  o v e r l a p p e d  s e n s o r i m o t o r  c o r t e x  h a s  
a c q u i r e d  a n o t h e r  n e u r o l o g i c a l  f e a t u r e ,  a p a r t  f r o m  t h e  w e l l  
d i f f e r e n t i a t e d  t h a l a m u s ,  t o  show i t s  c o n v e r g e n c e  t o w a r d s  
e u t h e r i a n  mammals .
* Acher ( '81) review s th e  d u p lic a t io n  o f  n eu ro p ep tid es  in  mammals.
In  th e  kangaroo and tam nar two v a s o p re s s in - l ik e  and one o x y to c in ­
l ik e  n eu ro p ep tid es  a re  p re s e n t .  The ly s in e  v a so p re s s in  i s  ak in  to  
me t  a t  h e r  i  an manuals b u t i s  a lso  found in  p ig s ,  w h ile  ph en y p ress in  
i s  found on ly  in  m acropods. The possum was found to  have o n ly  
a rg in in e  v a so p re s s in , found a lso  in  most e u th e r ia n  m anuals.
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CHAPTER 6
CONCLUSIONS
6.1 THALAMUS
The general plan of thalamic nuclei of the wallaby 
is very similar to that of eutherian mammals in particular 
to the cat. Most of the thalamic nuclei are as well 
differentiated as those found in the cat (Berman and Jones, 
*82). Some nuclei are less differentiated which may be 
indicative of less functional specialisation. The ventral 
anterior and ventrolateral nuclei were not well 
differentiated. The two nuclei were difficult to 
differentiate on a cytoarchitectonic criterion. Only from 
the results of the HRP study was it possible to distinguish 
two regions. The VL complex consisted of a small 
(anteroposterior) rostral region consisting of both VA and 
VL cell bodies and the remainder of the nuclear complex 
consisting of VL only. This nuclear arrangement is similar 
to that found in the opossum (Killackey and Ebner, '73; 
Donoghue and Ebner, '81a). In the Australian possum (Haight 
and Neylon, '78a) it was reported that the two nuclei were 
clearly separate and easily differentiated. The area that 
in the possum was allocated to VA, in the wallaby a similar 
nuclear area was found to be a rostral region of the 
central lateral nucleus, CL. It should be noted that in the 
cat (Berman and Jones, ’82) a region similar to VA of the 
possum and CL of the wallaby was also recognised as CL.
The ventrobasal nucleus could easily be 
distinguished into two regions a large medial area, VPM and 
a much smaller lateral area, VPL. Like in the cat, VPL was
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more anterior than VPM, in the opossum VPL was found in the 
middle anteroposterior region of VB (Pubols and Pubols, 
'66). VPL in the v/allaby was much smaller in area than VPL 
in the possum (Rockel, et al., '72; Haight and Neylon, 
'78a). However, in the opossum the ventrobasal complex is 
not easily differentiated on cytoarchitectonic criteria 
(Oswaldo-Cruz and Rocha-Miranda, '68). In the wallaby VPM
was found to receive input from the face region and VPL
from the limb, trunk and tail region. VPM was one of the 
most prominent thalamic nucleus in both its size and deeply 
staining nuclei.
The rostral region of the posterior nucleus was 
well differentiated however the caudal region was difficult 
to distinguish from both the medial geniculate and
sub-parafascicular nuclei. The location of this nucleus was 
similar to that found in both cat and possum.
The geniculate nuclei were well differentiated in 
the wallaby. In the dorsal lateral geniculate, LGD, five 
laminae could be easily seen cytoarchitectonically. Three 
laminae were found in the alpha segment and two in the beta 
segment. Results from tracing studies show that the LGD of 
the wallaby contains more laminae (9) when compared to the 
possum (6) as well as having greater segregation of
ipsilateral and contralateral retinal inputs (Hayhow, '66; 
Sanderson, et al., '84). Both the v/allaby and possum
possess far more specialised LGD features than the opossum, 
which has a non laminated LGD with extensive overlap of
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ipsilateral and contralateral retinal inputs (Royce, et 
al., '76). The medial geniculate, MG, of the wallaby was 
easily differentiated into three regions, in contrast to 
the possum where regions were difficult to define (Aitken 
and Gates, '83). The appearance of the MG was very similar 
to that of the cat (Berman and Jones, '82) . Apart fron the lesser 
differentiated VL, all the sensory nuclei in the wallaby were well 
differentiated and very similar in appearance and location 
to those described for the cat.
In the wallaby VL was found to receive cerebellar 
projections, from the dentate nucleus and perhaps the interposed nucleus 
also. The ventrobasal nucleus received projections from the brainstem 
nuclei. VPL received input from the dorsal column nuclei 
while VPM received input from both the trigeminal and 
lateral cervical nuclei. The label found in the lateral
cervical nucleus in the wallaby resembled closely to that
reported in the rat (Giesler, et al., '79). This 
organisation is the same as that reported for the opossum
(Walsh and Ebner, '73) and possum (Rockel, et al. , '12).
Thus input to VL and VB in the wallaby is totally separate 
as is the input to VPL and VPM. No slab or lamellar 
organisation was found in VL neurons which projected to 
sensorimotor cortex. The afferent terminal field was found
almost completely in layer IV. In contrast, neurons in VPM 
projecting to cortex were organised into slab or lamellae. 
This organisation of VPM is similar to that reported for 
eutherian mammals (Feldman and Kruger, '80; Jones, et al.,
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'82; Kaas et al., '84), but has not been previously 
reported for marsupial mammals either American or Australian.
The present results when compared to the physiological 
maps of the wallaby (Lende, '63) suggest that there is 
precise topological organisation between the thalamus and 
cortex.The thalamic body region in VPL projects to the body 
area in sensorimotor cortex. Facial affents from VPM project 
to the face neocortical sensorimotor region. There is also 
regional topography such that medial regions in VPM project 
rostrally and lateral regions project caudally. The large 
area of VPM is reflected by the large area of neocortex 
devoted to facial input. The forelimb occupies the next 
largest area with hindlimb, tail and trunk having the least 
neocortical area. The proportional bodily representation seen 
in the large area for the face representation in the neo­
cortex, thalamus and also brainstem is probably directly 
related to the grazing behaviour of the wallaby.Being a 
grazing animal, the wallaby requires greater specialisation 
of the face region which will facilitate sorting and choosing 
among different grasses. Hence, bodily proportionality is 
appropriate to the animal's behaviour, the wallaby has 
greater specialisation of the face region while the raccoon, 
a most dexterous animal has greater specialisation of the 
forelimb and digit areas (Welker and Seidenstein, '59). In 
summary, the thalamus of the wallaby is very well differentia­
ted into nuclei, similar to those of eutherian mammals, such 
as the cat. Also, their connections are precise and well 
circumscribed.
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6.2 NEOCORTEX
The most unusual feature of the neocortex of the 
wallaby is the prominent presence of layer IV throughout 
which is coextensive with layer V. In the sensorimotor, 
auditory and occipital regions layer IV is particularly 
prominent indicative of the koniocortex seen in eutherian 
mammals. Layer V was wider in the dorsal and rostral 
regions of the sensorimotor cortex than in the caudal 
region. Nonetheless both layers were always present. This 
finding supports a similar finding made by Abbie ('40) from 
several Australian marsupials that he studied. In Abbie's 
study two different species of wallabies were also 
included. This finding is in contrast with the American 
opossum which possesses a small agranular region in the 
vicinity of the orbital sulcus. A barrel field was not seen 
in the sensorimotor cortex. Only in one wallaby was there 
a possible hint of cell clumping in layer IV but this 
was not seen in any other wallaby. This is an interesting 
finding since the wallaby has well pronounced facial 
vibrissae. It is possible that a barrel field could exist 
in the young wallaby and is gradually lost as the wallaby 
becomes an adult. The cytoarchitectonic properties of the
sensorimotor cortex of the wallaby can best be summarised 
as an amalgamation of the cytological features of the 
sensory and motor cortex of eutherian mammals such as the 
cat and monkey.
The occipital region in the wallaby, certainly 
contains a striate appearance which is similar to that of
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monkeys and cats (G. Henry, personal communication) . This 
region was not differentiated on cytoar chi tectonic criterion 
into different sublayers as seen in both the cat and monkey 
(Bishop, '84 for review). However, two different visual 
fields were recognised area 17 and area 18, by their 
cytoarchitectonic features. Area 17 was by far wider than
area 18 which was narrower and layer IV was not as
prominent as that seen in area 17. A similar
cytoarchitectonic pattern was found in the squirrel (Kaas, 
et al., '72). The auditory cortex was identified in the 
temporal region by the characteristic prominent layer IV. 
The marsupial neocortex was shown to lack an area devoted 
to association cortex (Diamond and Hall, '69). In the 
wallaby an area for association function was not found. In 
keeping with the rest of the marsupial plan most of the 
neocortex of the wallaby is devoted to sensory function. 
The visual cortex is by far the most advanced over other 
neocortical regions not only in the wallaby but also in the 
possum (Haight, et al. , '80). This evidence is from the
cytoarchitectonics and the closer resemblance to the 
eutherian plan. Perhaps this is a reflection of the more 
advanced state of the LGD in wallabies which shows 
extensive lamination.
Efferent projections from the neocortex did not 
show laminar segregation as seen even in the opossum 
(Foster, et al., '81). Perhaps to see such segregation 
smaller volumed injection may be necessary. I am most 
certain that the wallaby does have such segregation within
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the six layers, however, from this study the segregation 
was not seen. The only hint that segregation is present was 
the finding of a prominent projection from layer V which 
appears to relay to a dorsal region in VPM. An unusual 
feature of the afferent terminal projections was the 
presence of "column" type label in the sensorimotor cortex.
This label was seen from both VL and VPM injections. Since
a barrel field was not seen from the Nissl stain, the
col umnar type label is probably due to fibres from
interhemispheric projections. However it is possible that 
interhemispheric fibres were transected along the injection 
track or even could have been present in the vicinity of 
the injection. This appears to be the favoured explanation 
for the light, dark banding pattern seen in layer IV.
The results of the cytoarchitectonic study of the 
neocortex of the wallaby showed that it has not acquired 
the extensive differentiation seen in the thalamus. Thus 
there does not appear to be great differences between 
neocortical regions in the neocortex of different 
marsupials. But there is considerable difference between 
the more advanced eutherian and metatherian neocortical 
cytology. This could suggest that the metatherian neocortex 
does not need much specialisation, or that the 
marsupial-placental dichotomy occurred before the cortex 
had acquired specialisation or as suggested by Rockel, et 
al. ('72) that thalamic development is in advance of that 
of the cortex.
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6.3 SENSORIMOTOR OVERLAP
Sensorimotor overlap is taken to be a "retention 
of a primitive feature" (Kaas, '83). In the opossum there
*is complete overlap of sensory and motor regions. In
Australian marsupial thi s overlap appears to be only
partial (Haight and Neylon, '79, '81b), similar to that
found in the wallaby. The caudal region of the sensorimotor 
area is not overlapped by VL projections. This region is 
innervated by VPM projections only. Thus, a pure trigeminal 
region exists in the neocortex of the wallaby.
This pure trigeminal region could be representing 
SII, or could be part of a multiple sensory representation 
in SI. If this area does indicate a multiple sensory 
representation it could be equivalent to any of the four
separate areas outlined in the monkey, 3a, 1, 3b, 2 (Kaas,
et al. , '79). From physiological studies (Lende, ' 63c;
Weller, et al., '76) the non overlapped area represents the 
upper lip area and the mystacial field. This probably 
suggests that the area is receiving proprioceptive as well 
as cutaneous input. (Proprioceptor have been found in the 
vibrissal region of the rat). Thus the most likely 
eutherian equivalent for this area is perhaps area 2. If 
proprioceptive relay is not found in this area than the
more likely eutherian equivalents are areas 1 or 3b. This
raises a highly speculative question is the overlap region 
in the wallaby really an equivalent of area 3a?
* (Lende, '63a; Donoghue and Ebner, '81)
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In summary this study has shown that in the 
neocortex of the wallaby there is no agranular region. 
Layer V characteristic of motor cortex is well developed 
and present throughout the entire neocortex. Projections 
from VL and VB to the neocortex overlap thus there is 
extensive overlap between the motor and somatosensory 
neocortical regions. Only a caudal area of the parietal 
region was found to contain only trigeminal relay.
Physiological studies are now needed, in 
particular to determine how many representations are 
present in the somatosensory cortex and also to remap the 
motor cortex. Doing so, it will be seen whether the sensory 
map is indeed in register with the motor map.
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APPENDIX I
TMB reacting procedure (Mesulam, '78) (modified for the
Neuroscience program notes)
Buffers:
0.1 M phosphate buffer pH 7.2 
0.2 M acetate buffer pH 3.3 
0.05 M acetate buffer pH 4.3 
gelatin buffer:
20 mis, 100% ethanol 
4 mis, 0.05 M acetate buffer 
176 mis, distilled water 
0.5 g gelatin
Solutions: collecting solution:
0.1 M phosphate buffer pH 7.2 
rinsing solution:
50 mis, 0.2 M acetate buffer 
950 mis, distilled water 
incubating solution:
141.5 mis, gelatin buffer
0.15 g sodium nitroferricyanide
7.5 mis, TMB solution
5.0% nickel ammonium sulphate solution (NAS)
3 13 * 5 * 5' tertamethylbenzidine solution (TMB):
10 mg TMB (Sigma)
7.5 mis, 100% ethanol
A. 1
P r o c e d u r e :
R e a c t i o n  was c a r r i e d  o u t  on i c e
S e c t i o n s  were  r i n s e d  i n  f r e s h  co ld  c o l l e c t i n g  
s o l u t i o n
Ri nse d  i n  d i s t i l l e d  w a t e r
P r e so a ke d  i n  NAS s o l u t i o n  f o r  5 m i n u t e s
R i nse d  w e l l  i n  w a t e r
S e c t i o n s  were  i n c u b a t e d  i n  t h e  i n c u b a t i n g  s o l u t i o n  
f o r  15 m i n u t e s
A t o t a l  of  20 d r o p s  o f  0.3% of  H2 O2  was added over  
6 hou r s
S e c t i o n s  were  r i n s e d  i n  r i n s i n g  s o l u t i o n  f o r  5 
m i n u t e s ,  4 t im es
Mounted on c h r o m e - g e l a t i n i s e d  s l i d e s  from a 0.5% 
g e l a t i n  r i n s i n g  s o l u t i o n  m i x t u r e  
A i r  d r i e d  f o r  up t o  36 hou r s
A l t e r n a t e  s e r i e s  of s e c t i o n s  were c o u n t e r s t a i n e d  
w i t h  0.1% t h i o n i n  a t  pH 3.7%
A. 2
Appendix II
According to Aitkin et al. ('84) the following descriptions 
are given for the terms: azimuth, azimuth function, omnidirectional
sensitive, directionally sensitive and azimuth selective.
Azimuth— the horizontal plane, sound sources located at 
different points along the horizontal plane are referred to as being 
located at different azimuths.
Azimuth function— the term used for variations in discharge 
rate with speaker azimuth at a given frequency and intensity for each 
unit.
Two main classes of neurons may be defined in the inferior 
colliculus in terms of the effects of change in speaker position along 
the horizontal plane. With omnidirectional sensitive, either no change 
or only gradual changes in firing rate occurred as a function of speaker 
position. With directionally sensitive, azimuth functions either 
exhibited a sharp border where discharge rate dropped steeply or showed 
a clear azimuthal range where firing was maximal.
Azimuth selective— of those units considered directionally 
sensitive, either the discharge border or the azimuths at which peak 
firing occurred remained fixed over a wide range of intensities. These 
units would appear to signal the same directional information in spite 
of changes in intensity and are thus good candidates for detecting 
sound location.
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HRP— Horseradish peroxidase
A peroxidase enzyme from the root of horseradish (Cochleania 
armoracia). Crystalline horseradish peroxidase has a molecular weight 
around 40,000. HRP is used for tracing neural connections. It is 
actively transported in neurons both orthogradely and retrogradely.
HRP can be conjugated to the lectin wheat germ agglutinin (WGA). 
According to Mesulam ('82) the resultant molecule HRP-WGA is taken up 
by the neuron and transported in the retrograde, orthograde, collateral 
and transganglionic directions. When HRP or HRP-WGA are combined with 
a suitable chromagen, such as TMB (tetramethylbenzidine) their reaction- 
product is visible microscopically.
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Sensorimotor overlap
The somatosensory (SMI) and motor (MSI) regions of the 
neocortex exhibit different degrees of overlap in different mammals.
The electrophysiological maps of Woolsey ('58) showed that in primates 
SMI and MSI are totally separate in their spatial distribution. In 
other mammals, parts of the SMI and MSI representations overlap. For 
example, in the rat, the hindlimb SMI and MSI representation is overlapped 
while the face representation is located in separate neocortical areas 
such that there is an SMI separate from an MSI for the face represenation 
(Hall and Lindholm, '74; Sanderson et al., '84). In other mammals, the 
opossum, as an example, there is complete overlap of the SMI and MSI 
spatial representation, such that the SMI representation is totally 
superimposed onto the MSI representation. The superimposed SMI and MSI 
region is found in the parietal region of neocortex.
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Correspondence (homology) between physiology and anatomy
Woolsey ('58) showed physiologically that in monkeys in the 
postcentral region of cortex there was a somatic bodily spatial repre­
sentation, i.e., the somatosensory cortex (SMI). He denoted the term 
SMI because although the area was predominantly somatosensory it also 
exhibited some motor properties. (He also showed that in cat the 
postcruciate region received sensory input.) The postcentral region of 
cortex of monkeys was shown histologically to contain four striplike 
somatic cortical fields (see Kaas, '83 for review). Multiunit mapping 
experiments have shown that areas 3b and 1 respond to cutaneous stimuli, 
while areas 3a and 2 mostly respond to receptors in deep body tissues, 
joints, and muscles (Kaas, '83). However, using single unit recording 
and the cortical depth of the electrode penetration taken into account, 
Powell and Mountcastle ('59) showed that area 3 was more responsive to 
cutaneous stimuli while areas 1 and 2 were more responsive to deep 
tissues. Nonetheless, these studies showed that the postcentral area 
in monkeys was predominantly somatosensory.
The ventrobasal complex (VB) of cat and monkey is connected 
in an organized and reciprocal fashion with SMI (Berman and Jones,
'82). Von Monakow in 1895 (see Berman and Jones, '82) probably gave 
the first cytoarchitectonic description of the ventrobasal complex, 
comprising both the ventral posteromedial (VPM) and ventral posterolateral 
(VPL) nuclei. These terms, VPM and VPL, were first used by Le Gros 
Clark ('30). Electrophysiologically it has been shown in cat and 
monkey that cells of the ventrobasal complex are activated by light 
tactile stimuli, pressure, or movement of a joint and that peripheral 
receptive fields are small (see Berman and Jones, '82). Anatomically 
it has been shown both in cat and monkey that VPM receives predominantly
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trigeminal terminals while VPL receives terminals from the dorsal 
column nuclei, i.e., VB receives terminals from the trigeminal-lemniscal 
system. (For reviews see Berman and Jones, '82; Mountcastle, '84;
Berkley, '80.) Further, physiological studies have shown that in the 
cat and monkey the limbs, trunk, and tail are represented in VPL, while 
the head and face are represented in VPM (Jones et al., '82; Kaas et 
al., '84; for review see Berman and Jones, '82). Both anatomical and 
physiological studies have shown that the dorsal column nuclei contain 
the tail, limb, and trunk representation while a physiological study 
has shown that the head representation is contained in the spinal 
trigeminal nucleus (see Mountcastle, '84). In summary, VB is recipro­
cally and topographically connected to SMI and VB receives topographical 
terminals from the trigeminal lemniscal system arising from the dorsal 
column and trigeminal nuclei which, in turn, receive peripheral input 
(Mountcastle, '84). This has been shown both anatomically and physio­
logically in cat and monkey.
As early as 1870, Fritsch and Hitzig (see Asanuma, '81) found 
a motor representation in the cerebral cortex using galvanic current as 
the source of cortical stimulation. Further, in 1875 Ferrier, using 
faradic current was able to draw a detailed "motor” map. The motor 
(precentral) region was called area 4 by Brodmann ('09) on cytoarchi- 
tectonic criterion. Woolsey ('58) physiologically mapped the motor 
cortex in cat and monkey and called it MSI. In monkey, MSI was located 
in the precentral region of cortex, while in cat MSI was located in the 
precruciate cortical region. (Woolsey ['58] called the motor region 
MSI since antidromic activation of the pyramidal tract produced potentials 
over a widespread area of cortex which included the somatosensory 
cortex [Woolsey and Chang, '47].) It is now well known that of the
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neurons that make up the pyramidal tract only 60% of these arise in the 
precentral cortex and 40% in the postcentral cortex (Asauma, '81).
One of the many inputs to the "motor" cortex is by way of the 
cerebellum via the ventrolateral nucleus (see Henneman, '80). This was 
shown by early anatomists in monkeys and physiologically in man (see 
Brodal, '81). More recently (Strick, '73, '76; Asanuma et al., '83) it 
has been shown anatomically that VL projects topographically to area 4 
in cat and monkey. The physiological experiments of Rispal-Padel and 
Massion ('70) have also shown this topographical connection between VL 
and area 4 in the cat. Further, Asanuma et al. ('83) have shown ana­
tomically that the deep cerebellar nuclei terminate topographically in 
the ventral lateral complex in monkeys. From a series of anatomical 
experiments, Asanuma et al. ('83) were able to conclude that (1) there 
is a strong interconnection between the ventral lateral complex and 
cortical area 4 and (2) the dorsal column-lemniscal terminations do not 
overlap the cerebellar terminations in the thalamus.
In the rat, physiological studies (Hall and Lindholm, '74; 
Sanderson et al., '84) have shown that the somatosensory (SMI) and motor 
(MSI) cortical regions partially overlap in the hindlimb cortical region. 
There was also some overlap of the forelimb region but no overlap of the 
face region. Donoghue et al. ('79) looked at the projections (anato­
mically) of the motor and somatosensory system in the rat. HRP injections 
into the physiologically defined hindlimb cortex labelled neurons in 
both VB (ventrobasal complex) and VL. Injections of HRP into the 
physiologically defined somatosensory face (SMI) region labelled cells 
in VB; but not in VL. Injections of HRP into the physiologically 
defined motor face (MSI) region retrogradely labelled cells in VL, but 
not in VB. Further, injections of tritiated amino acids into the deep
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cerebellar nuclei in the rat resulted in silver grains being present 
over the entire mediolateral extent of the ventrolateral nucleus (VL). 
Donoghue et al. ('79) summarises their result as follows: that in the 
rat VL projects to the motor cortex, VB projects to the sensory 
cortex, and both VL and VB converge their projections to an overlapped 
medially located sensorimotor region of cortex. They also point out 
that in monkey the VL and VB projections are totally separate.
In summary, it is shown that in rat, cat, and monkey there 
is both anatomical and physiological evidence to show that the DCN- 
lemniscal system relays to VB which in turn relays to SMI and the 
cerebellum relays to VL which in turn relays to area 4 (MSI).
In the marsupial mammal, the opossum (Didelphis virginiana) 
it has been shown physiologically (Lende, '63a) and anatomically 
(Killackey and Ebner, '72) that there is complete overlap of the 
somatosensory and motor regions, i.e., sensorimotor (SSM) region of 
neocortex. Thus, in the opossum, injections of HRP into all parts of 
the physiologically defined SSM region retrogradely labelled cells in 
both VB and VL thalamic regions (Donoghue and Ebner, '81). In the 
wallaby (Thylogale eugenii) [now the genus name used is (Macropus 
eugenii), i.e., the tammar], Lende ('63a) physiologically mapped the 
motor and somatosensory regions of neocortex. Lende found that 
physiologically there was also total overlap of these two regions, a 
similar finding to the opossum.
Using the same species of wallaby, the tammar, as Lende used,
I investigated the extent of sensorimotor overlap using anatomical 
methods. I delineated anatomically VB and VL and both the brainstem 
and cerebellar nuclei. Then I used HRP to inject into the physiologically 
defined sensorimotor region of cortex. Retrogradely labelled cells
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lere found in VB following HRP injections into all parts of the 
physiologically defined sensorimotor cortex. While in VL retrogradely 
labelled cells were only present following HRP injections into the 
medial and rostral regions of the sensorimotor cortex. Further, by 
injecting HRP into VB and VL this not only showed the cortical extent 
of their projections but also retrogradely labelled either the DCN- 
lemniscal nuclei or the cerebellar nuclei. Following HRP injections 
into VB and VL the cortical labelled cells were located in the 
physiologically defined (Lende, '63a) sensorimotor region of cortex.
Thus, from the many studies on placental mammals and the few on 
marsupials it is evident that there is a general pattern of projection 
found from both anatomical and physiological studies in that SMI receives 
input from VB which receives input from DCN-lemniscal system, and area 4 
(MSI) receives input from VL which receives input from the cerebellum.
The correspondence between the physiology and anatomy used in this thesis 
was made in view of the abundance of information relating the physiology 
and anatomy of either the somatosensory or motor systems for all mammals 
thus far studied.
All.8
REFERENCES
Abbie, A.A. ( 1940) The excitable cortex in Perameles f
Sarcophilus, Dasvurus, Trichosurus and Wallabia 
(Macropus) . J. Cornp. Neurol. 72: 46 9-487 .
Abbie, A.A. (1941) Marsupials and the evolution of mammals. 
Aust. J. Sei. 4.:77-92.
Abbie, A.A. (1942) Cortical lamination in a polyprotodont
marsupial, Perameles nasuta. J. Comp. Neurol.
76:509-536.
Acher, R. (1981) Evolution of neuropeptides. Trends Neuro. 
Sei. 4:225-229.
Adey, W.R., and D.I.B. Kerr (1954) The cerebralrepresentation of deep somatic sensibility in the 
marsupial phalanger and the rabbit; an evoked
potential and histological study. J. Comp. Neurol. 
100: 597-626 .
Aitkin, L.M. , B.M.H. Bush, and G.R. Gates (1978) The
auditory midbrain of a marsupial: the brush tailed
possum Trichosurus vulpecula. Brain Res. 150:29-44.
Aitkin, L.M., and G.R. Gates (1983) Connections of the
auditory cortex of the brush-tailed possum,
Trichosurus vulpecula. Brain Behav. Evol. 22:75-88.
Aitkin, L.M., G.R. Gates, and S.C. Phillips (1984)
Responses of neurons in inferior colliculus to 
variations in sound-source azimuth. J. Neurophysiol. 
52:1-17.
Aitkin, L.M., and C.E. Kenyon (1981) The auditory brainstem 
of a marsupial. Brain Behav. Evol. 19:126-143.
Andersen, R.A., P.L. Knight, and M.M. Merzenich (1980)The thalamocortical and corticothalamic connections 
of AI, All and the anterior auditory field (AAF) in 
the cat: Evidence for tv/o largely segregated systems
of connections. J. Comp. Neurol. 194:663-701.
Angel, A. and I.R. Herrero (1985) The interrelations of the 
ventrobasal thalamus, somatosensory cortex and 
thalamic reticular nucleus: a HRP study in the rat.
J. Physiol. 358 : 10P.
Archer, M. (1976a) The basocranial region ofmarsupicarnivores (Marsupialia), interrelationships 
of carnivorous marsupials, and affinities of the 
insectivorous marsupial peramelids. Zool. J. Linn. 
Soc. 59:217-322.
Archer, M. (1976b) The dasyurid dentition and its
relationships to that of didelphids, thylacinids, 
borhyaenids (Marsupicarnivora) and peramelids 
(Peramelina:Marsupialia). Aust. J. Zool. Suppl. Ser. 
No. 39:1-34.
Asanuma, H., J. Fernandez, M.E. Scheibel, and A.B. Scheibel 
(1974) Characteristics of projections from the
nucleus ventralis lateralis to the motor cortex in 
the cat: An anatomical and physiological study. Exp. Brain Res. 20:315-330.
Asanuma, H. (1981) The pyramidal tract. In V.B. Brooks(ed) : Handbook of Physiology. 2 , Part 1. Bethesda: 
American Physiological Society; pp.703-733.
Avers, C.J. (1974) Evolution. Mew York: Harper and Row.
Bakker, H.R., and H. Waring (1976) Experimental diabetes
insipidus in a marsupial, Macropus eugenii
(Desmarest). J. Endocr. 69: 149-157 .
Bautista, N.S., and H.A. Matzke (1965) A degeneration study 
of the course and extent of the pyramidal tract of 
the opossum. J. Comp. Neurol. 124:367-376 .
Benevento, L.A., and F.F. Ebner (1970) Pretectal, tectal,
retinal and cortical projections to thalamic nuclei of the opossum in stereotaxic coordinates. Brain Res. 
18:171-175.
Benevento, L.A., and F.F. Ebner (1971a) The areas and
layers of corticocortical terminations in the visual 
cortex of the Virginia opossum. J. Comp. Neurol. 
141:157-190.
Benevento, L.A., and F.F. Ebner (1971b) The contribution of 
the dorsal lateral geniculate nucleus to the total 
pattern of thalamic terminations in striate cortex of 
the Virginia opossum. J. Comp. Neurol. 143:243-260.
Berkley, K.J. (1980) Spatial relationships between the
terminations of somatic sensory and motor pathways in 
the rostral brainstem of cats and monkeys. 1. 
Ascending somatic sensory inputs to lateral 
diencephalon. J. Comp. Neurol. 193 : 283-317 .
Berkley, K.J., and D.C. Mash (1978) Somatic sensory
projections to the pretectum in the cat. Brain Res. 
158:445-449.
Berman, A.L., and E.G. Jones (1982) The thalamus and basal
telencephalon of the cat. Madison: University of
Wisconsin Press.
Bishop, P.0. (1984) Processing of visual information within
the retinostriate system. In I. Darian-Smith (ed) : 
Handbook of Physiology. 3, Part 1. Bethesda: American 
Physiological Society pp. 341-424.
Blumer, W.F.C. (1963) Ascending and descending spinal
tracts of the quokka (Setonix brachvurus). J. Anat. 
97:490.
Bodemer, C.W., and A.L. Towe (1963) Cortical localization
patterns in the somatic sensory cortex of the 
opossum. Exp. Neurol. S:380-394.
Bodian, D. (1935) The projection of the lateral geniculate
body on the cerebral cortex of the opossum Didelphis 
virginiana. J. Comp. Neurol. 62:469-494.
Bodian, D. (1937) An experimental study of the optic tracts 
and retinal projection of the Virginian opossum. J. 
Comp. Neurol. 66:113-144.
Bodian, D. (1939) Studies on the diencephalon of the
Virginia opossum. Part I. The nuclear pattern in the 
adult. J. Comp. Neurol. 71:259-323.
Bodian, D. (1940) Studies on the diencephalon of the
Virginia opossum. Part II. The fiber connections in 
normal and experimental material. J. Comp. Neurol. 
72: 207-297.
Bodian, D. (1942) Studies on the diencephalon of the
Virginia opossum. Part III. The thalamic cortical 
projections. J. Comp. Neurol. 77 : 525-575.
Bohringer, R.C., and M.J. Rowe (1977) The organization of
the sensory and motor areas of cerebral cortex in the 
platypus (0 rnithorhvnchus anatinus) . J. Comp. Neurol. 
174:1-14.
Bombardieri, R.A., J.I. Johnson, and G.B. Compos (1975)
Species differences in mechanosensory projections 
from the mouth to the ventrobasal thalamus. J. Comp. 
Neurol. 163:41-64.
Brodmann, K. (1909) Vergleichende Lokalisationslehre der 
Grosshinreide. Leipzig: Barth.
Budell, R.J., and K.J. Berkley (1984) Subdivisions of the
cat dorsal column nuclei based on its efferent 
projections. Soc. Neurosci. Abstr. 10:944.
Bull, M.S., and K.J. Berkley (1984) Differences in the
neurons that project from the dorsal column nuclei to 
the diencephalon, pretectum, and tectum in the cat. 
Somatosens. Res. 1:281-300.
Cavalcante, L.A., C.E. Rocha-Miranda, and R. Lent (1975)
Hypothalamic, tectal and accessory optic projections 
in the opossum. Brain Res. 84: 302-307 .
Chapman, H.G. (1906) Note on cerebral localization in the
bandicoot (Perameles). Proc. Linn. Soc. N.S.W. 
31:493-494.
Chatelier, G., and P. Buser (1961) Dispositif de contention 
rigide du lapin pour exploration stereotaxique. 
Electroencephal. and Clinical Neurophysiol.
13:951-953.
Christensen, B.N., and F.F. Ebner (1978) The synaptic
architecture of neurons in opossum somatic
sensory-motor cortex: a combined anatomical and
physiological study. J. Neurocytol. 2:39-60.
Clare, M.H., W.M. Landan, and G.H. Bishop (1964)
Electrophysiological evidence of a collateral pathway 
from the pyramidal tract to the thalamus in the cat. 
Exp. Neurol. 9.:262-267.
Clark, W.E. Le Gros, (1925) The visual cortex of Primates.
J. Anat. 59:350-357.
Clemens, W. A. ( 1968) Origin and early evolution of 
marsupials. Evolution 22:1-18.
Clemens, W.A. (1971) Mammalian evolution in the Cretaceans.
In D.M. Kermack (ed) : Early Mammals. Zool. J. Linn.
Soc. London, 50. Suppl. 1: 165-180 .
Clezy, J.K.A., B.J. Dennis, and D.I.B. Kerr (1961) A
degeneration study of the somaesthetic afferent 
systems in the marsupial phalanger, Trichosurus 
vulpecula. Aust. J. Exp. Biol. Med. Sei. 39:19-28.
Colbert, E.H. (1965) Evolution of vertebrates. New York:
John Wiley and Sons.
Coleman, J., I.T. Diamond, and J.A. Winer (1977) The visual 
cortex of the opossum: the retrograde transport of
horseradish peroxidase to the lateral geniculate and 
lateral posterior nuclei. Brain Res. 137:233-252.
Coleman, J., and W.J. Clerici (1981) Organization of
thalamic projections to visual cortex in opossum. 
Brain Behav. Evol. 18:41-59.
Cowley, A. R. ( 1973) The nuclei of the cochlear nerve of the 
red kangaroo, Megaleia rufus. J. Hirnforsch. 
14:287-301.
Crewther, D.P., S.G. Crewther, and K.J. Sanderson (1984)
Primary visual cortex in the brushtailed possum: 
Receptive field properties and corticocortical 
connections. Brain Behav. Evol. 24 :184-197.
Cunningham, R.H. (1898) The cortical motor centres of theopossum, Didelphis virginiana. J. Physiol.
22:264-269.
Dennis, B.J., and D.I.B. Kerr (1961) Somaesthetic pathways
in marsupial phalanger Trichosurus vulpecula. Aust. 
J. Exp. Biol. Med. Sei. 39:29-42 .
Diamond, I.T., and W.C. Hall (1969) Evolution of neocortex. 
Science 164:251-262.
Diamond, I.T., and J.D. Utley (1963) Thalamic retrograde
degeneration study of sensory cortex in opossum. J. 
Comp. Neurol. 120:129-160.
Dillon, L.S. (1963) Comparative studies of the brain in the 
Macropodidae. Contributions to the phylogeny of the 
mammalian brain. II. J. Comp. Neurol. 120: 43-51 .
Dom, R., G.F. Martin, B.L. Fisher, A.M. Fisher, and J.K.
Harting (1971) The motor cortex and corticospinal 
tract of the armadillo. J. Neurol. Sei. 14:225-236.
Donoghue, J.P., and F.F. Ebner (1981a) The organization of
thalamic projections to the parietal cortex of the 
Virginia opposum. J. Comp. Neurol. 198:365-388.
Donoghue, J.P. and F.F. Ebner (1981b) The laminar
distribution and ultrastructure of fibres projecting 
from three thalamic nuclei to the somatic 
sensory-motor cortex of the opossum. J. Comp. Neurol. 198:389-420.
Donoghue, J.P., K.L. Kerman, and F.F. Ebner (1979) Evidence 
for two organizational plans within the somatic 
sensory-motor cortex of the rat. J. Comp. Neurol. 
183:647-664.
Donoghue, J.P., and S.P. Wise (1982) The motor cortex of
the rat: cytoarchitecture and microstimulation
mapping. J. Comp. Neurol. 212:76-88.
Ebner, F.F. (1967) Afferent connections to neocortex of
the opossum (Didelphis virginiana). J. Comp. Neurol. 
129:241-268.
Elliot Smith, G. (1897) The origin of the corpus callosum:
A comparative study of the hippocampal region of the 
cerebrum of Marsupialia and certain Cheiroptera. 
Trans. Linn. Soc. Lond. Zool. 2*47-69.
Elliot Smith, G. (1902a) On a peculiarity of the cerebral
commissures in certain Marsupialia. Proc. R. Soc.
Lond. 20:226-231.
Elliot Smith, G. (1902b) Descriptive and Illustrated
Catalogue of the Physiological Series of Comparative 
Anatomy contained in the Museum of the Royal College 
of Surgeons of England. 2nd Ed. London: Taylor and
Francis, 2:138-189.
Elliot Smith, G. (1907) A new topographical survey of the
human cerebral cortex, being an account of the
distribution of the anatomically distinct cortical 
areas and their relationship to the cerebral sulci. 
J. Anat. 41:237-254.
Erickson, R.P., J.A. Jane, R. Waite, and I.T. Diamond
(1964) Single neuron investigation of sensory
thalamus of the opossum. J. Neurophysiol.
22:1026-1047.
Feldman, S.G., and L. Kruger (1980) An axonal transport
study of the ascending projections of medial
lemniscal neurons in the rat. J. Comp. Neurol.
192:427-454.
Felleman, D.J., J.T. Wall, C.G. Cusick, and J.H. Kaas
(1983) The representation of the body surface in S-I 
of cats. J. Neurosci. 3.: 16 48-166 9 .
Flannery, T. (1984) Kangaroos: 15 million years of
Australian bounders. In M. Archer and G. Clayton 
(eds): Vertebrate Zoogeography and Evolution in
Australasia. Australia: Hesperian Press, pp.817-835.
Flashman, J.F. (1906) A preliminary note on the motor areas 
in the cerebral cortex of marsupials. Rep. Pathol. 
Lab. Lunacy Dept. N.S.W. 2:23-26.
Foltz, F.M., and H .A. Matzke (1960) An experimental study
on the origin, course and termination of
cerebellifugal fibers in the opossum. J. Comp. 
Neurol. 114:107-125.
Foster, R.E., J.P. Donoghue, and F.F. Ebner (1981) Laminar
organization of efferent cells in the parietal cortex 
of the Virginia opossum. Exp. Brain Res. 43:330-336.
R. 6
Gates, G.R., and L.M. Aitkin (1982) Auditory cortex in the
marsupial possum Trichosurus vulpecula. Hear. Res. 
7 :1-12.
Giesler, G.J., D. Menetrey, and A.I. Basbaum (1979)
Differential origins of spinothalamic tract 
projections to medial and lateral thalamus in the 
rat. J. Comp. Neurol. 184 : 107-126.
Goldby, F. (1939) An experimental investigation of the
motor cortex and its connexions in the phalanger, 
Trichosurus vulpecula. J. Anat. 74:12-33.
Goldby, F. (1941) The normal histology of the thalamus in
the phalanger, Trichosurus vulpecula. J. Anat.
75.: 197-224.
Goldby, F. (1943) An experimental study of the thalamus
in the phalanger, Trichosurus vulpecula. J. Anat. 
77:195-224.
Gray, P.A. (1924) The cortical lamination pattern of the
opossum, Didelphys virginiana. J. Comp. Neurol. 
37:221-263.
Gray, P.A., and E.L. Turner (1924) The motor cortex of the 
opossum. J. Comp. Neurol. 36 : 375-385.
Gray, T.S., J.C. Hazlett, and G.F. Martin (1981)
Organization of projections from the gracile, medial 
cuneate and lateral cuneate in the North American 
opossum. Brain Behav. Evol. 18 : 140-156.
Groos, W.P., L.K. Ewing, C.M. Carter, and J.D. Coulter
(1978) Organization of corticospinal neurons in the 
cat. Brain Res. 143 : 393-419.
Guldin, W.O., and H.J. Markowitsch (1983) Cortical and
thalamic afferent connections of the insular and 
adjacent cortex of the rat. J. Comp. Neurol. 
215:135-153.
Guldin, W.O., and H.J. Markowitsch (1984) Cortical and
thalamic afferent connections of the insular and 
adjacent cortex of the cat. J. Comp. Neurol. 
229:393-418.
Gurdjian, E.S. (1927) The diencephalon of the albino rat.
Studies on the brain of the rat. No. 2. J. Comp. 
Neurol. 43:1-114.
R. 7
Haight, J.R., and P.F. Murray (1981) The cranial endocast
of the early miocene marsupial, Wvnyardia bassiana: 
An assessment of taxonomic relationships based upon 
comparisons with recent forms. Brain Behav. Evol. 
19:17-36.
Haight, J.R., and L. Neylon (1978a) An atlas of the dorsal
thalamus of the marsupial brush-tailed possum, 
Trichosurus vulpecula. J. Anat. 126:225-245.
Haight, J.R., and L. Neylon (1978b) Morphological
variation in the brain of the marsupial brush-tailed 
possum, Trichosurus vulpecula. Brain Behav. Evol. 
15:415-445.
Haight, J.R., and L. Neylon (1978c) The organization of
neocortical projections from the ventroposterior 
thalamic complex in the marsupial brush-tailed possum 
Trichosurus vulpecula: a horseradish peroxidase
study. J. Anat. 126:459-485.
Haight, J.R., and L. Neylon (1979) The organization of
neocortical projections from the ventrolateral 
thalamic nucleus in the brush-tailed possum, 
Trichosurus vulpecula, and the problem of motor and 
somatic sensory convergence within the mammalian 
brain. J. Anat. 129:673-694.
Haight, J.R., and L. Neylon (1981a) A description of the
dorsal thalamus of the marsupial native cat, Dasyurus 
viverrinus (Dasyuridae). Brain Behav. Evol. 
19:155-179.
Haight, J.R., and L. Neylon (1981b) An analysis of some
thalamic projections to parietofrontal neocortex in 
the marsupial native cat, Dasyurus viverrinus 
(Dasyuridae). Brain Behav. Evol. 19 :193-204 .
Haight, J.R., K.J. Sanderson, L. Neylon, and G.S. Patten
(1980) Relationships of the visual cortex in the 
marsupial brush-tailed possum, Trichosurus vulpecula, 
a horseradish peroxidase and autoradiographic study. 
J. Anat. 131:387-413.
Haight, J.R. and W.L. Weller (1973) Neocortical topography
in the brush-tailed possum: variability and
functional significance of sulci. J. Anat. 116 : 473.
Hall, R.D., and E.P. Lindholm (1974) Organization of motor
and somatosensory neocortex in the albino rat. Brain 
Res. 66:23-38.
Hamilton, T.C., and J.I. Johnson (1973) Somatotopic
organization related to nuclear morphology in the 
cuneate gracile complex of opossums Didelphis 
marsupialis virginiana. Brain Res. 51 :125-140.
Hayhow, W.R. (1967) The lateral geniculate nucleus of the
marsupial phalanger, Trichosurus vulpecula. An 
experimental study of cytoarchitecture in relation to 
the intranuclear optic nerve projection fields. J. 
Comp. Neurol. 131:571-604.
Hazlett, J.C. R. Dorn, and G.F. Martin (1972) Spino-bulbar,
spino-thalamic and medial lemniscal connections in 
the American opossum Didelphis marsupialis 
virginiana. J. Comp. Neurol. 146:95-118.
Hazlett, J.C. , G.F. Martin, and R. Dorn (1971) Spino­
cerebellar fibers of the opossum Didelphis 
marsupialis virginiana. Brain Res. 33:257-271.
Heath, C.J., and E.G. Jones (1971) Interhemispheric
pathways in the absence of a corpus callosum. An 
experimental study of the commissural connexions in 
the marsupial phalanger. J. Anat. 109:253-270.
Höre, J., C.G. Phillips, and R. Porter (1973) The effects
of pyramidotomy on motor performance in the 
brush-tailed possum (Trichosurus vulpecula). Brain 
Res. 49:181-184.
Ingram, W.R., F.I. Hannett, and S.W. Ranson (1932) The
topography of the nuclei of the diencephalon of the 
cat. J. Comp. Neurol. 55:333-394.
Johnson, J.I. (1977) Central nervous system of marsupials.
In D. Hunsaker (ed) : The Biology of Marsupials. New
York: Academic Press, pp. 157-278.
Johnson, J.I. (1980) Morphological correlates of
specialized elaborations in somatic sensory cerebral 
neocortex. In S.O.E. Ebbesson (ed): Comparative
Neurology of the Telencephalon. New York: Plenum, pp. 
423-447.
Johnson, J.I., J.R. Haight, and D. Megirian (1973)
Convolutions related to sensory projections in 
cerebral neocortex of marsupial wombats. J. Anat. 
114:153.
Johnson, J.I., T.C. Hamilton, J.-C. Hsung, and P.S. Ulinski 
(1972) Gracile nucleus absent in adult opossum after 
leg removal in infancy. Brain Res. 38: 421-424 .
R. 9
Johnson, J.I., and M.P. Marsh (1969) Laminated lateral
geniculate in the nocturnal marsupial Petaurus 
breviceps (sugar glider). Brain Res. 15:250-254 .
Jones, E.G. (1981) Functional subdivisions and synaptic
organization of the mammalian thalamus. In R. Porter 
(ed): International Review of Physiology.
Neurophysiology IV. Baltimore: University Park, pp.
173-245.
Jones, E.G. (1984) Organization of the thalamocortical
complex and its relation to sensory processes. In I. 
Darian-Smith (ed): Handbook of Physiology. 3 , Part 1. 
Bethesda: American Physiological Society, pp.
149-212.
Jones, E.G. , H. Burton, and R. Porter (1975) Commissural
and cortico-cortical "columns" in the somatic sensory 
cortex of primates. Science 190:572-574.
Jones, E.G. , and D.P. Friedman (1982) Projection pattern of 
functional components of thalamic ventrobasal complex 
on monkey somatosensory cortex. J. Neurophysiol. 
48:521-544.
Jones, E.G., D.P. Friedman, and S.H.C. Hendry (1982)
Thalamic basis of place - and modality - specific 
columns in monkey somatosensory cortex: a correlative 
anatomical and physiological study. J. Neurophysiol. 
48:545-568.
Jones, E.G., and R. Porter (1980) What is area 3a? Brain 
Res. Rev. 2.:1“43.
Jones, E.G., S.P. Wise, and J.D. Coulter (1979)
Differential thalamic relationships of sensory-motor 
and parietal cortical fields in monkeys. J. Comp. 
Neurol. 183:833-882.
Kaas, J.H. (1983) What, if anything, is SI? Organization of 
first somatosensory area of cortex. Physiol. Rev. 
63:206-231.
Kaas, J.H., W.C. Hall, and I.T. Diamond (1972) Visual
cortex of the grey squirrel (Sciurus carolinensis) : 
Architectonic subdivisions and connections from the 
visual thalamus. J. Comp. Neurol. 145:273-306.
Kaas, J.H., R.J. Nelson, M. Sur, R.W. Dykes, and M.M.
Merzenich (1984) The somatotopic organization of the 
ventroposterior thalamus of the squirrel monkey, 
Saimiri sciureus. J. Comp. Neurol. 226:111-140.
R. 10
Kaas, J.H., R.J. Nelson, M.Sur, C.-S. Lin, and M.M.
Merzenich (1979) Multiple representations of the body 
within the primary somatosensory cortex of primates. 
Science 204 : 521-523.
Kanaseki, I., and J.M. Sprague (1974) Anatomical
organization of pretectal nuclei and tectal laminae 
in the cat. J. Comp. Neurol. 158;319-338.
Kasdon, D.L., and S. Jacobson (1978) The thalamic afferents 
to the inferior parietal lobule of the rhesus monkey. 
J. Comp. Neurol. 177 :685-706 .
Killackey, H.P., and F.F. Ebner (1972) Two different types
of thalamocortical projections to a single cortical 
area in mammals. Brain Behav. Evol. 6,:141-169.
Killackey, H.P., and F.F. Ebner (1973) Convergent
projection of three separate thalamic nuclei on to a 
single cortical area. Science 179: 283-285 .
King, J.S., R.M. Dom, J.B. Couner, and G.F. Martin (1973)
An experimental light and electron microscopic study 
of cerebellorubral projections in the opossum, Didelphis marsupialis virginiana. Brain Res. 
52:61-78.
Kirsch, J.A.W. (1977a) The comparative serology of
marsupialia, and a classification of marsupials. 
Aust. J. Zool., suppl. ser. 52:1-152.
Kirsch, J.A.W. (1977b) The six-percent solution: secondthoughts on the adaptedness of the Marsupialia. Amer. 
Sei. 65:276-288.
Kirsch, J.A., and J.H. Calaby (1977) The species of livingmarsupials: an annotated list. In B. Stonehouse and
D. Gilmore (eds): The Biology of Marsupials. London: 
The MacMillan Press Ltd, pp. 9-26.
Krettek, J.E., and J.L. Price (1977) The corticalprojections of the mediodorsal nucleus and adjacent 
thalamic nuclei in the rat. J. Comp. Neurol. 
171:157-192.
Langworthy, O.R. (1935) A physiological study of the
cerebral motor cortex and the control of posture in 
the sloth. J. Comp. Neurol. 62 : 333-348 .
Lende, R.A. (1963a) Cerebral cortex: A sensorimotor amalgam in the marsupialia. Science 141:730-732.
R.ll
Lende, R. (1963b) Motor representation in the cerebral
cortex of the opossum (Didelphis virginiana). J.
Comp. Neurol. 121 : 40 5-415 .
Lende, R.A. (1963c) Sensory representation in the cerebral
cortex of the opossum (Didelphis virginiana). J.
Comp. Neurol. 121 : 395-403 .
Lende, R.A. (1964) Representation in the cerebral cortex 
of a primitive mammal. J. Neurophysiol. 27:37-48.
Lende, R.A., and K.M. Sadler (1967) Sensory and motor areas 
in neocortex of hedgehog (Erinaceus). Brain Res. 
5:390-405.
Lende, R.A., and C.W. Woolsey (1956) Sensory and motor
localization in cerebral cortex of porcupine 
(Erethizon dorsatum). J. Neurophysiol. 19:544-563.
Lent, R., L.A. Calvante, and C.E. Rocha-Miranda (1976)
Retinofugal projections in the opossum. An 
anterograde degeneration and radioautographic study. 
Brain Res. 107:9-26.
Lillegraven, J.A. (1974) Biogeographical considerations of
the marsupial - placental dichotomy. Ann. Rev. Ecol. 
Syst. .5 : 263-283.
Lillegraven, J.A. (1975) Biological considerations of the
marsupial - placental dichotomy. Evolution 
2j9 :707-722.
Linauts, M., and G.F. Martin (1978) The organization of
olivo-cerebellar projections in the opossum, 
Didelphis virginiana, as revealed by the retrograde 
transport of horseradish peroxidase. J. Comp. Neurol. 
179:355-381.
Livini, F. (1908) II proencefalo di un marsupiale
(Hvpsiprvmnus rufescens). Arch. Ital. Anat. Embriol. 
6:549-584.
Magalhaes-Castro, B., and P.E.S. Saraiva (1971) Sensory
and motor representation in the cerebral cortex of 
the marsupial Didelphis azarae azarae. Brain Res. 
34:291-299.
Manning, J.W., and D. Megirian (1963) An evoked
interhemispheric response in the opossum. Fed. Proc. 
22.: 457 .
Marshall, L.G. (1980) Marsupial paleobiogeography. In
L.L. Jacobs (ed) : Aspect of Vertebrate History.
Museum of Northern Ariozona Press pp. 345-386.
R. 12
Martin, G.F. (1967) Interneocortical connections in the
opossum, Didelphis virginiana. Anat. Rec. 
157:607-616.
Martin, G.F. (1968a) Some efferent cortical pathways of the 
opossum. J. Hirnforsch. 10:55-78.
Martin, G.F. (1968b) The pattern of neocortical projections 
to the mesencephalon of the opossum, Didelphis 
virginiana. Brain Res. 11:593-610.
Martin, G.F., J.C. Bresnaham, C.K. Henkel, and D. Megirian
(1975) Corticobulbar fibres in the North American 
opossum (Didelphis marsupialis virginiana) with notes 
on the Tasmanian brush-tailed possum (Trichosurus 
vulpecula) and other marsupials. J. Anat. 
120:439-484.
Martin, G.F., and A.M. Fisher (1968) A further evaluation
of the origin, the course and the termination of the 
opossum corticospinal tract. J. Neurol. Sei. 
7:177-188.
Martin, G.F., J.S. King, and R. Dorn (1974) The projections
of the deep cerebellar nuclei of the opossum, 
Didelphis marsupialis virginiana. J. Hirnforsch. 
15:545-573.
Martin, G.F., and D. Megirian (1972) Corticobulbar
projections of the marsupial phalanger (Trichosurus 
vulpecula) . II. Projections to the mesencephalon. J. 
Comp. Neurol. 144:165-192.
Martin, G.F., D. Megirian, and J.B. Conner (1972) The
origin, course and termination of the corticospinal 
tracts of the Tasmanian potoroo (Potorous apicalis). 
J. Anat. 111:263-281.
Martin, G.F., D. Megirian, and A. Roebuck (1970) The
corticospinal tract of the marsupial phalanger 
(Trichosurus vulpecula). J. Comp. Neurol. 
139:245-258.
Martin, G.F., D. Megirian, and A. Roebuck (1971)
Corticobulbar projections of the marsupial phalanger 
(Trichosurus vulpecula) 1. Projections to the pons 
and medulla ablongata. J. Comp. Neurol. 142:275-296.
Martin, G.F., and H.J. West (1967) Efferent neocortical
projections to sensory nuclei in the brainstem of the 
opossum (Didelphis virginiana). J. Neurol. Sei. 
5:287-302.
R. 13
Mesulam, M.-M. (1978) Tetramethyl benzidine for horseradish
peroxidase neurohistochemistry: A non-carcinogenic
blue reaction - product with superior sensitivity for 
visualizing neural afferents and efferents. J. 
Histochem. Cytochem. 26:106-117.
Meulders, M. , J. Gybels, J. Bergmans, M.A. Gerebtzoff, and
M. Goffart (1966) Sensory projections of somatic, 
auditory and visual origin to the cerebral cortex of 
the sloth (Choloepus hoffmanni Peters). J. Comp. 
Neurol. 126:535-546.
Meyer, J. (1981) A quantitative comparison of the parts of
the brain of two Australian marsupials and some 
eutherian mammals. Brain Behav. Evol. 18:60-71.
Minderhoud, J.M. (1971) An anatomical study of the efferent 
connections of the thalamic reticular nucleus. Exp. 
Brain Res. 12:435-446.
Murray, F.A., and J.D. Coulter (1981) Organization of
corticospinal neurons in the monkey. J. Comp. Neurol. 
195:339-365.
Neider, P.C., and W. Randall (1964) Sound evoked potentials 
in neocortex of unanesthetized opossum. Science 
144:429-430.
Nelson, L.R., and R.A. Lende (1965) Interhemispheric
responses in the opossum. J. Neurophysiol.
28:189-199.
Neylon, L., and J.R. Haight (1983) Neocortical projections
of the suprageniculate and posterior thalamic nuclei 
in the marsupial brush-tailed possum, Trichosurus 
vulpecula (Phalangeridae), with a comparative 
commentary on the organization of the posterior
thalamus in marsupial and placental mammals. J. Comp. 
Neurol. 217:357-37 5.
Nieoullon, A., and L. Rispal-Padel (1976) Somatotopic
localization in cat motor cortex. Brain Res. 
105:405-422.
Oswaldo-Cruz, E., and C.E. Rocha-Miranda (1967) The
diencephalon of the opossum in stereotaxic 
coordinates. I. Epithalamus and dorsal thalamus. J. 
Comp. Neurol. 129:1-38.
Oswaldo-Cruz, E., and C.E. Rocha-Miranda (1968) The brain
of the opossum (Didelphis marsupialis).
Brasil:Instituto de Biofisica.
R. 14
Owen, R. (1837) On the structure of the brain in marsupial 
animals. Phil. Trans. R. Soc. Lond. 127 :87-96.
Packer, A.D. (1941) An experimental investigation of the
visual system in the phalanger, Trichosurus 
vulpecula. J. Anat. 75:309-329.
Pappas, C.L., and P.L. Strick (1981) Anatomical
demonstration of multiple representation in the 
forelimb region of the cat motor cortex. J. Comp. 
Neurol. 200:491-500.
Pearson, L.J., K.J. Sanderson, and R.T. Wells (1976)
Retinal projections in the ring tailed possum 
Pseudocheirus peregrinus. J. Comp. Neurol. 
170:227-240.
Penny, J.E. (1982) Cytoarchitectural and dendritic
patterns of the dorsal column nuclei of the opossum. 
J. Hirnforsch. 23:315-330.
Pirlot, P. (1981) A quantitative approach to the marsupial
brain in an eco-ethological perspective. Rev. Can. 
Biol. 40:229-250.
Porter, R. (1955) Antidromic conduction of volleys in 
pyramidal tract. J. Neurophysiol. 18:138-150.
Porter, R. (1981) Internal organization of the motor cortex 
for input-output arrangements. In V.B. Brooks (ed) : 
Handbook of Physiology. 2 , Part 2. Bethesda : 
American Physiological Society, pp 1063-1081.
Powell, T.P.S. (1977) The somatic sensory cortex. Br. Med. 
Bull. 13:129-135.
Pubols, B.H. (1968) Retrograde degeneration study of
somatic sensory thalamocortical connections in brain 
of Virginia opossum. Brain Res. 2:232-251.
Pubols, B.H. (1977) The second somatic sensory area (SMII) 
of the opossum neocortex. J. Comp. Neurol. 174:71-78.
Pubols, B.H., and L.M. Pubols (1966) Somatic sensory
representation in the thalamic ventrobasal complex of 
the Virginia opossum. J. Comp. Neurol. 127:19-34.
Pubols, B.H., L.M. Pubols, D.J. DiPette, and J.C. Sheely
(1976) Opossum somatic sensory cortex: A
microelectrode mapping study. J. Comp. Neurol. 
165:229-246.
R. 15
Ravizza, R.J., and B. Masterton (1972) Contributions of
neveortex to sound localization in the opossum 
(Didelphis virginiana). J. Neurophysiol. 35:344-356.
Rees, S., and J. Hore (1970) The motor cortex of the
brush-tailed possum (Trichosurus vulpecula): Motor
representation, motor function and the pyramidal 
tract. Brain Res. 20:439-451.
Renfree, M. B. (1981) Marsupials : Alternative mammals.
Nature 293:100-101.
Renfree, M.B., A.B. Holt, S.W. Green, J.P. Carr, and
D.B. Cheek (1982) Ontogeny of the brain in a 
marsupial (Macropus eugenii) throughout pouch life. 
Brain Behav. Evol. 20:57-71.
Ride, W.D.L. (1971) On the fossil evidence of the evolution 
of the Macropodidae. Aust. Zool. 16:6-16.
Riek, E.F. (1970) Lower Cretaceous fleas. Nature 
227:746-747.
Rinvik, E. (1968) A re-evaluation of the cytoarchitecture
of the ventral nuclear complex of the cat's thalamus 
on the basis of corticothalamic connections. Brain 
Res. 8:237-254.
RoBards, M.J. (1979) Somatic neurons in the brainstem and
neocortex projecting to the external nucleus of the 
inferior colliculus: An anatomical study in the 
opossum. J. Comp. Neurol. 184:547-566.
Robinson, S.R. (1982) Interocular transfer in a marsupial:
the brush-tailed possum (Trichosurus vulpecula). 
Brain Behav. Evol. 21:114-124 .
Rockel, A.J., C.J. Heath, and E.G. Jones (1972) Afferent
connections to the diencephalon in the marsupial 
phalanger and the question of sensory convergence in 
the "posterior group" of the thalamus. J. Comp. 
Neurol. 145: 105-130 .
Rogers, F.T. (1924) An experimental study of the cerebral
physiology of the Virginian opossum. J. Comp. Neurol. 
37:265-315.
Royce, G.J., G.F. Martin, and R.M. Dorn (1975) Functional
localization and cortical architecture in the 
nine-banded armadillo (Dasypus novemcinctus
mexicanus). J. Comp. Neurol. 164:495-522.
R. 16
Royce, G.J., J.P. Ward, and J.K. Harting (1976) Retinofugal 
pathways in two marsupials. J. Comp. Neurol. 
170:391-414.
Sanderson, K.J., J.R. Haight, and L.J. Pearson (1980)
Transneuronal transport of tritiated fucose and 
proline in the visual pathways of the brushtailed 
possum. Neurosci. Lett. 20 :243-248.
Sanderson, K.J., J.R. Haight, and J.D. Pettigrew (1984) The 
dorsal lateral geniculate nucleus of macropodid 
marsupials: cytoarchitecture and retinal projections. 
J. Comp. Neurol. 224:85-106.
Sanderson, K.J., and L.J. Pearson (1977) Retinal
projections in the native cat, Dasvurus viverrinus. 
J. Comp. Neurol. 174:347-358.
Sanderson, K.J., and L.J. Pearson (1981) Retinal
projections in the hairy-nosed wombat, Lasiorhinus 
latifrons (Marsupialia : Vombatidae). Aust. J. Zool. 
29:473-481.
Sanderson, K.J., L.J. Pearson, and J.R. Haight (1979)
Retinal projections in the Tasmanian devil, 
Sarcophilus harrisii. J. Comp. Neurol. 188:335-346.
Sanderson, K.J., W. Welker, and G.M. Shambes (1984)
Revaluation of motor cortex and of sensorimotor 
overlap in cerebral cortex of albino rats. Brain Res. 
292:251-260.
Sanides, F. (1970) Functional architecture of motor and
sensory cortices in primates in the light of a new 
concept of neocortex evolution. In C.R. Noback and W. 
Montagna (eds): The Primate Brain. New York:
Appleton-Century-Crofts, Vol 1, pp. 137-208.
Sanides, F. (1972) Representation in the cerebral cortex
and its areal lamination patterns. In G.H. Bourne 
(ed): The Structure and Function of Nervous Tissue.
New York Academic Press, pp. 329-453.
Saper, C.B. (1982) Convergence of autonomic and limbic
connections in the insular cortex of the rat. J. 
Comp. Neurol. 210:163-173.
Saporta, S., and L. Kruger (1977) The organization of
thalamocortical relay neurons in the rat ventrobasal 
complex studied by the retrograde transport of 
horseradish peroxidase. J. Comp. Neurol. 174:187-208.
R. 17
Saraiva, P.E.S., and B. Magalhäes-Castro (1975) Sensory
and motor representation in the cerebral cortex of 
the three-toed sloth (Bradypus tridactylus). Brain 
Res. 90:181-193.
Schneider, R.J., R.J. Nelson, D.P. Friedman, J.B. O'Neill,
and M. Mishkin (1984) The granular insula in the 
rhesus monkey : somatic sensory properties. Soc.
Neurosci. Abst. 10;496.
Shimazu, H., N. Yanagisawa, and B. Garoutte (1965) Cortico- 
pyramidal influences on thalamic somatosensory 
transmission in the cat. Jap. J. Physiol. 15:101-124.
Sholl, D.A. (1956) The Organization of the Cerebral Cortex. 
London:Methuen.
Sousa, A.P.B., R. Gattass, and E. Oswaldo-Cruz (1978) The
projection of the opossum's visual field on the 
cerebral cortex. J. Comp. Neurol. 177 :569-588 .
Sousa, A.P.B., E. Oswaldo-Cruz, and R. Gattass (1971)
Somatotopic organization and response properties of 
neurons of the ventrobasal complex in the opossum. J. 
Comp. Neurol. 142:231-248.
Stein, B.E., B. Magalhaes-Castro, and L. Kruger (1976)
Relationship between visual and tactile
representations in cat superior colliculus. J. 
Neurophysiol. 39:401-419.
Stokes, J.H. (1912) The acoustic complex and its relations
in the brain of the opossum (Didelphis virginiana). 
Am. J. Anat. 12:401-445.
Symington, J. (1892) The cerebral commissures in the 
masupialia and monotremata. J. Anat. 27:6 9-84.
Tarlov, E.C., and R.Y. Moore (1966) The tectothalamic
connections in the brain of the rabbit. J. Comp. 
Neurol. 126:403-421.
Tedford, R.H. (1974) Marsupials and the new paleogeography.
In C.A. Ross (ed) : Paleogeographic Provinces and
Provinciality. Tulsa: Society of Economic
Paleontologists and Mineralogists.
Tracey, D.J., C. Asanuma, E.G. Jones, and R. Porter (1980)
Thalamic relay to motor cortex: afferent pathways
from brain stem, cerebellum, and spinal cord in 
monkeys. J. Neurophysiol. 44:532-554.
R. 18
Tsai, C. (1925) The optic tracts and centers of the
opossum, Didelphis virginiana. J. Comp. Neurol.
39:173-216.
Turner, E.L. (1924) The pyramidal tract of the Virginian
possum (Didelphvs virginiana). J. Comp. Neurol.
36:387-397.
Tyndale-Biscoe, H. (1973) Life of marsupials. London:Edward 
Arnold.
Ulinski, P.S. (1984) Thalamic projections to the
somatosensory cortex of the echidna, Tachyglossus 
aculeatus. J. Comp. Neurol. 229: 153-170.
Voris, H.C., and N.L. Hoerr (1932) The hindbrain of the
opossum, Didelphis virginiana. J. Comp. Neurol.
54:277-355.
Walsh, T.M., and F.F. Ebner (1970) The cytoarchitecture of
somatic sensory-motor cortex in the opossum
(Didelphis marsupialis virginiana): a Golgi study. J. 
Anat. 107:1-18.
Walsh, T.M., and F.F. Ebner (1973) Distribution of
cerebellar and somatic lemniscal projections in the 
ventral nuclear complex of the Virginia opossum. J. 
Comp. Neurol. 147:427-446.
Ward, L.A., and C.R.R. Watson (1973) An experimental study
of the ventrolateral thalamic nucleus of the 
brush-tailed possum. J. Anat. 116:472.
Warren, S., and B.H. Pubols (1984) Somatosensory
thalamocortical connections in the raccoon: An HRP
study. J. Comp. Neurol. 227 : 597-606 .
Watson, C.R.R. (1971a) An experimental study of the
corticospinal tract of the kangaroo. J. Anat. 
110:501.
Watson, C.R.R. (1971b) The corticospinal tract of the
quokka wallaby (Setonix brachyurus). J. Anat.
109:127-133.
Watson, C.R.R., A. Broomhead, and M.-C. Holst (1976)
Spinocerebellar tracts in the brush-tailed possum, 
Trichosurus vulpecula. Brain Behav. Evol. 13:142-153 .
Watson, C.R.R., and B.W. Freeman (1977) The corticospinal
tract in the kangaroo. Brain Behav. Evol. 14:341-351.
R. 19
Watson, C.R.R., and M.-C. Symons (1972) Ascending pathways
to the brainstem of the phalanger (Trichosurus 
vulpecula). J. Anat. 110:501.
Welker, W.I., H.O. Adrian, W. Lifschitz, R. Kaulen, E.
Caviedes, and W. Gutman (1976) Somatic sensory cortex 
of llama (Lama glama). Brain Behav. Evol. 13: 284-293 .
Welker, W.I., and G.B. Campos (1963) Physiological
significance of sulci in somatic sensory cerebral 
cortex in mammals of the family Procynidae. J. Comp. 
Neurol. 120:19-36.
Welker, W.I., and M. Carlson (1976) Somatic sensory cortex 
of hyrax (Procavia). Brain Behav. Evol. 13:294-301.
Welker, W . , K.J. Sanderson, and G.M. Shambes (1984)
Patterns of afferent projections to transitional 
zones in the somatic sensorimotor cerebral cortex of 
albino rats. Brain Res. 292:261-267.
Welker, W.I., and S. Seidenstein (1959) Somatic sensory
representation in the cerebral cortex of the raccoon 
(Procyon lotor) . J. Comp. Neurol. Ill: 469-501.
Weller, W.L. (1972) Barrels in somatic sensory neocortex of 
the marsupial Trichosurus vulpecula (brush-tailed 
possum). Brain Res. 43:11-24.
Weller, W.L., J.R. Haight, L. Neylon, and J.I. Johnson
(1976) Single representation of mystacial vibrissae 
in SI neocortex of rufous wallaby, Thvlogale 
billardierii. Soc. Neurosci. Abstr. 2 :^26.
Wiesel, T.N., D.H. Hubei, and D.M.K. Lam (1974)
Autoradiographic demonstration of ocular-dominance 
columns in the monkey striate cortex by means of 
transneuronal transport. Brain Res. 79:273-279.
Willard, F.H., and G.F. Martin (1983) The auditory
brainstem nuclei and some of their projections to the 
inferior colliculus in the North American opossum. 
Neurosci. 10:1203-1232.
Wise, L.Z., and D.R.F. Irvine (1983) Auditory response
properties of neurons in deep layers of cat superior 
colliculus. J. Neurophysiol. 49:674-685 .
Wise, S.P., and E.G. Jones (1977) Cells of origin and
terminal distribution of descending projections of 
the rat somatic sensory cortex. J. Comp. Neurol. 
175:129-158.
R. 20
Wise, S.P., and E.G. Jones (1978) Developmental studies of
the thalamocortical and commissural connections in 
the rat somatic sensory cortex. J. Comp. Neurol. 
178:187-208.
Woolsey, C.N. (1958) Organization of somatic sensory and
motor areas of the cerebral cortex. In H.F. Harlow 
and C.N. Woolsey (eds): Biological and Biochemical
bases of behaviour. Madison: University of Wisconsin
Press, pp 63-81.
Yuen, H., R.M. Dorn, and G.F. Martin (1974) Cerebellopontine 
projections in the American opossum. A study of their 
origin, distribution and overlap with fibers from the 
cerebral cortex. J. Comp. Neurol. 154:257-286.
Ziehen, T. (1897) Das Centralnervensystem der Monotremen
und Marsupialier. Semon's Zool. Forsch. Jena:Fischer, 
Vol. 3, pp. 1-187.
Zimmerman, E.A., and W.W. Chambers (1963) Cortical
projections to sensory relay nuclei in the brain stem 
of the opossum and rat. Anat. Rec. 145:304.
R. 21
Addendum to References
Asanuma, C., W. T. Thach, and E. G. Jones (1983) Distribution of
cerebellar terminations and their relation to other afferent 
terminations in the ventral lateral thalamic region of the 
monkey. Brain Res. Rev. 5: 237-265.
Brodal, A. (1981) Neurological Anatomy. New York: Oxford University
Press.
Clark, W. E. LeGros (1930) The thalamus of Tarsius. J. Anat. 64:
371-414.
Curry, M. J., and G. Gordon (1972) The spinal input to the posterior 
group in the cat. An electrophysiological investigation.
44: 417-437.
Henneman, E. (1980) Motor functions of the cerebral cortex. In V. B.
Mountcastle (ed): Medical Phsyiology. St. Louis: The C. V.
Mosby Company; pp. 859-889.
Mesulam, M. -M. (1982) Tracing neural connections with horseradish 
peroxidase. New York: John Wiley and Sons.
Mountcastle, V. B. (1984) Central nervous mechanisms in mechanoreceptive 
sensibility. In I. Darian-Smith (ed): Handbook of Physiology. 3, 
Part 2. Bethesda: American Physiological Society; pp. 789-878.
Powell, T. P. S., and V. B. Mountcastle (1959) Some aspects of the
functional organization of the cortex of the postcentral gyrus of 
the monkey: a correlation of findings obtained in a single unit
analysis with cytoarchitecture. Bull. Johns Hopkins Hosp. 105: 
133-162.
Ride, W. D. L. (1962) On the use of generic names for kangaroos and
wallabies (subfamily Macropodinae). Aust. J. Sc. J24: 367-372.
Rispal-Padel, L., and J. Massion (1970) Relations between the ventrolateral
nucleus and the motor cortex in the cat. Exp. Brain Res.
K>: 331-339.
Strick, P. L. (1973) A light microscopic analysis of the cortical
projection of the thalamic ventrolateral nucleus in the cat. 
Brain Res. 55: 1-24.
Strick, P. L. (1976) Anatomical analysis of ventrolateral thalamic input 
to primate motor cortex. J. Neurophysiol. jP9: 1020-1031. 
Woolsey, C. N., and H. T. Chang (1947) Activation of the cerebral cortex 
by antidromic volleys in the pyramidal tract. Res. Publ. Res. 
Assoc. Nerv. Ment. Dis. 27: 146-161.
